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SUMMARY

PROJECT TITLE: ROLE OF GLUCOSE, ACETATE AND PLASMA IN THE
MAINTENANCE OF MITOCHONDRIAL FUNCTION, ENERGY METABOLISM AND
CELL INTEGRITY DURING PLATELET STORAGE IN ADDITIVE SOLUTIONS

A potential benefit of the use of artificial medier the suspension of platelets as
concentrates is a reduction of the morphologicahcfional and metabolic changes
observed in platelets during storage and collelstiveferred to as the platelet storage
lesion (PSL). A better understanding of the natirthe PSL may suggest strategies for
manipulation of the storage environment to imprplaelet viability and efficacy post-

transfusion. In this context, two principal consatens formed the basis for the study:

* The hypothesis that apoptosis is a central mecimargsponsible for the changes
observed in the PSL.
* The investigation of this hypothesis within the kgxb setting of improving the

storage environment of platelet concentrates.

The study investigated the role on the PSL of pagnotein (in the form of albumin),
acetate and glucose in leucoreduced platelet ctrates suspended in a medium with
minimal plasma. A 14-day storage study on platetetcentrates in either plasma or a
70:30 ratio of a commercial additive solution (S&P+and plasma provided an
overview of platelein vitro characteristics under standard storage conditibims.work
led to targeted investigations into the naturehw tell death mechanism in platelet

concentrates.

Results suggested that in storage media with adedrergy stores, a Bcl-2 protein-
mediated mechanism of cell death was viable, thquagsibly storage-time dependent
and limited by pre-existing levels of anti-apoptoBcl-2 proteins in the platelets.
Further studies would be required to determinénig tmechanism is akin to caspase-
dependent apoptosis. In media lacking glucose, ahamsm more reminiscent of
necrosis was observed, associated with decreasBdeVEls, accelerated mitochondrial

dysfunction, elevated intracellular free calciund @alminating in platelet disruption.
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1. INTRODUCTION

Platelets are the smallest of the cellular eleméenthe circulation. Their role in the
maintenance of haemostasis has been recogniseel tsiaclate 19 century (Coller,
2007). More recently, their involvement in inflamtoa and white cell recruitment has
been identified (for recent reviews see Morreklet2007, Li et al., 2011, Semple et al.,
2011). To place the thesis in context, this inteitun begins by providing an abridged
description of platelet structure, formation anddtion in the normal individual. The
role of platelets in transfusion medicine forms #eeond section of the introduction;
including current methods of platelet concentr&€)( preparation and the challenges
faced by transfusion centres in ensuring adequtdeks of this component are
maintained. The interest in the use of additiveutsmhs for platelet storage will be
introduced at this stage, in concert with the cleangndergone by platelets during
storage — collectively referred to as the platsietage lesion (PSL). An overview of the
apoptotic process is included to provide a foumtator subsequent discussion on the
central hypothesis of the thesis, which states adlpaiptosis has a principal role in the

development of the progressive changes observeladtielets during storage.

STRUCTURE OF THE RESTING PLATELET

Platelets are anucleate, discoid cells with a diammnging between 2 to 5 um and a
mean cell volume between 6 - 10 fL (White, 200 e Tytoskeleton of the platelet is
comprised of tubulin polymers as well as spectédtramers interconnected by long
actin filaments. Spectrin molecules form a densenbrane skeleton adjacent to the
cytoplasmic side of the plasma membrane (Fox efl@B8) (figure 1.1). Spectrin self-
assembles into twisted strands 200 nm in lengthftimen heterodimers ofi3 subunits
that associate in a head to tail alignment to faetnamers interconnected at their
termini by the barbed ends of actin filaments capmg adducing proteins (Barkalow et
al., 2003).



Figure 1.1. Membrane skeleton of the resting pkttelith holes to the open
canalicular system also evident (see text) (HartwRP06) (Reproduced with
permission, © Elsevier Inc)

Actin comprises the most abundant protein in pésel with 30 — 40% of the
approximately 2 million copies in the platelet fong linear polymers (F-actin) cross-
linked by other proteins, such as filamin améctinin, to form a stable, supporting
structure (Fox, 1993). Actin filaments extend frahe space-filling network in the
centre of the platelet towards the periphery, whieeg orientation changes to allow the
filaments to run parallel to the membrane and hmthe spectrin membrane skeleton
via adducin links (Hartwig and DeSisto, 1991, Hagtw2006). Of particular interest is
the binding of filamin to the cytoplasmic tail ohe GPllx subunit of the von
Willebrand factor receptor (VWFR) on the plateletfasce, a linkage that emerges
between the dense meshwork of spectrin strandfelpd to constrain movement in the
latter (Hartwig, 2007). The high concentration ¥/WR on the platelet surface (25000
copies per platelet) also aids the stability of sheface skeleton with respect to the
underlying actin framework (Hartwig et al., 199%®atients with Bernard-Soulier
syndrome lack this filamin-GP¢blinkage and present with abnormally large andifeag
platelets (Nurden, 2007). The discoid shape of bgting platelet is principally
maintained by a coiled microtubule positioned agljgcto the plasma membrane.
Observations suggest it is a single contiguousttre approximately 100 pum in length

and formed into 8 to 12 coils to fit within the@imference of the platelet (figure 1.2).



Figure 1.2: Microtubule ring of resting plateletc@e bar equals 0.1um) (Hartwig,
2006)(Reproduced with permission, © Elsevier Inc)

The platelet exterior is demarcated by a relativilick glycocalyx comprising

glycoproteins intimately involved in platelet adimes activation and aggregation. The
surface appearance of platelets under scannindgratecnicroscopy appears fairly
convoluted, with openings to the open canaliculsmtesn (OCS) appearing as small
pits. The latter is morphologically similar to th@asma membrane and forms an
internal continuation of this membrane. The actlanients not associated with the
cytoskeletal framework described above form a dgpic skeleton which provides a

scaffold for the suspension of intracellular ordbese

Platelets contain two main types of secretory oetias, termedx-granules and dense
granules. Approximately 40 to &3granules with an approximate diameter of 500 nm
are present in normal platelets, containing a tanéproteins including vonWillebrand
factor (VWWF), CD62P (P-selectin), coagulation fastd and VI, fibrinogen, integrins
OibBs andasBs, and various chemokines suchf@tromboglobulin §-TG), RANTES
and platelet factor 4 (PF4) (Reed, 2007, Blair &dumenhaft, 2009). Normally
separate from each other, the fusionoefranules in a proportion of the platelet
population may be one of the earliest morphologindications of a storage lesion

(White and Clawson, 1980). Dense granules are smatid fewer in number, with only
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4 to 8 normally present per platelet. They are kmagvcontain high concentrations of
adenine nucleotides (including ATP and ADP), sarimtopyrophosphate, calcium and
magnesium (McNicol and Israels, 1999). In additigtatelets contain a minimal
number of lysosomes, though their function in péteis not yet clear. Numerous
particles of glycogen are also present in the [@ateytoplasm, often in dense
concentrations, though again their function inplegelet remains to be fully determined
(White, 2007). Mitochondria in platelets are relaty few in number, but are important
in maintaining the energy requirements of the esllwell as having an increasingly
recognised role in the cell’s “decision” to procdectlearance through a mechanism of

programmed cell death.

Platelets contain a complex and characteristic otwf internal membranes comprised
of two distinct systems not found in other bloodisceThe OCS is derived from
invaginations of the plasma membrane and greatiameres the surface area exposed to
the external environment (Escolar et al., 1989¢ah serve as a major conduit for the
uptake of compounds from the external environmenivell as the rapid expulsion of
substances from secretory organelles following epdat activation. The OCS also
provides a source of conveniently accessed membespgred during the formation of
structures such as pseudopodia following plataléesion to an injured area (White,
2007). The dense tubular system (DTS) is comprifecsidual smooth endoplasmic
reticulum (ER) originating from rough ER in the na&gryocyte. It is involved in the
synthesis of prostaglandins and thromboxaneaAd is believed to comprise the

principal store of intracellular calcium in the taket (Ebbeling et al., 1992).

PLATELET FORMATION

Platelets originate from megakaryocyte precurstis,cehich are in turn derived from
myeloid progenitor cells. Uniquely among haemopoietprecursor cells,
megakaryocytes undergo successive cycles of DNAcaton without dividing; a
process referred to as endomitosis and constitatyotes of interrupted mitosis. Up to
six cycles of DNA replication have been observémugh a final diploid number of
16N is more common (ltaliano and Hartwig, 2007).lldwing endomitosis, the

megakaryocyte undergoes a process of maturatidimeilbone marrow which includes
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the formation of the secretory granules and theeldgwnent of the complex
demarcation membrane system (DMS) characteristithef mature megakaryocyte
(Schulze et al., 2006). Botlu-granules and dense granules mature within the
megakaryocyte, possibly via multivesicular bodidsioh form an intermediate stage
and may serve to sequester the characteristic ipsot@nd compounds into their
appropriate secretory body. Some of the proteirmoa@ated witha-granules are
synthesised endogenously, includifigthromboglobulin and vonWillebrand factor.
Others, such as fibrinogen, are subsequently aaifrom the megakaryocyte
environment via receptor-mediated endocytosis (ldgadha et al., 1987). Additional
proteins important for platelet function are alswlesed within granules at this stage.
The DMS is an extensive network that dominates d¢lgoplasm of the mature
megakaryocyte. Its most likely role is thought #the provision of membrane during
the platelet production process (Mahaut-Smith e2803, Italiano and Hartwig, 2007).
Approximately 16! platelets are produced daily, based on each megaksde able to
generate 10platelets and a rate of megakaryocyte generafidi®bper day (Hartwig,
2003).

There have been a number of models posited to iexjplatelet formation. The
currently favoured model involves the formation ppbplatelets — long, cytoplasmic
extensions of the megakaryocyte characterisedrnyirial swellings approximately the
same size of mature platelets (Becker and De Briu9ii6, Radley and Haller, 1982).
The formation of proplatelets involves the initigpreading of the megakaryocyte
followed by the dissociation of the cortical cytapin at one end of the cell. The
breakdown of the megakaryocyte proceeds from thmtp with the cytoplasmic
material increasingly condensed into pseudopodi&twliiurther develop into thin
cytoplasmic connections only 2 to 4 nm in diametigpped with the swollen
proplatelets. The process ends approximately 1Qshafter initiation with a rapid
“retraction” of the cytoplasmic connections thatefs the proplatelets and discards the
remnants of the megakaryocyte nucleus (Italian@lgt1999, Bluteau et al., 2009)
(figure 1.3). Techniques allowing proplatelet fotroa in mice to be studied as a
dynamic procesm vivo suggest that megakaryocytes remain in close cowittt bone
marrow sinusoids, with extensions protruding intenovessels from which fragments
resembling proplatelets are released into the Vatsce and mature to produce

platelets. The authors additionally suggest thafpttocess is likely to be aided by blood
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flow-induced shear stress (Junt et al., 2007)vitro evidence on isolated proplatelets
has provided initial confirmatory evidence thattelat formation is potentiated by shear

and may proceed through intermediate stages tefpreglatelets” that may help in

regulating platelet size (Thon et al., 2010).

g

Figure 1.3: Megakaryocyte (murine) forming proplats in vitro (Italiano et al., 1999)
(Reproduction permitted with accreditation, © ThacRefeller University Press)

The tubulin and actin polymers involved in shapemesmance in the mature discoid
platelet also play a vital role in the transforroatiof megakaryocytes into proplatelets
(Patel et al., 2005b). Microtubules composed ofedtsrof ap-tubulin initially extend

from the centre of the immature megakaryocyte ¢éogériphery. With the development
of pseudopodia, the microtubules consolidate intodbes below the plasma membrane
of these structures and progressively thin witlie tytoplasmic connections to form
coils composed of 5 to 10 microtubules around émminal proplatelets, consistent with
the microtubule coil noted in mature platelets. Mdiabules are also involved in the
migration of organelles and granules from the bellly of the megakaryocyte to the
proplatelet (Richardson et al., 2005, Italiano &tadtwig, 2007). Figure 1.4 provides a

summary of platelet formation based on this favdumedel.
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Figure 1.4: Summary of platelet biogenesis from akagyocytes by the formation of
proplatelets (Patel et al., 2005a)(Reproduced vpignmission, © American Society for
Clinical Investigation)

The dissociation of megakaryocytes into proplaseletisplays morphological
similarities to apoptosis, including disruption afytoskeletal proteins, DNA
fragmentation, condensation of nuclear and plasemlnanes, blebbing, cell shrinkage
and the formation of fragmentary bodies (Kaluzhhyale 2002). The comparison is
supported by the presence in mature megakaryooytegspases — proteases known to
be central players in the execution of apoptosand the absence of anti-apoptotic
members of the Bcl-2 family of proteinas well as the inhibition of proplatelet
formation by the addition of the pan-caspase itbrbz-VAD-fmk (De Botton et al.,
2002, Clarke et al., 2003). Mature platelets resmdthe circulation for approximately
ten days. In view of this limited lifespan, it istéresting to speculate whether
programmed cell death plays a role in the clearahpéatelets from the circulation, and
whether such a concept can be extended to exptanlitited time platelets can
currently be stored as concentrates.



APOPTOSIS

Apoptosis was first invoked to describe a morphially distinct form of cell death
originally characterised by chromatin and nucleasndensation followed by
fragmentation of the cell into membrane-bound apiipbodies able to be removed by
phagocytes in a controlled process (Kerr et al72)9This was contrasted with the
cellular disruption seen with necrosis, leadinghi® release of intracellular contents into
the general environment and the onset of inflanonatPerrotta et al., 2003). Further,
apoptosis is generally considered to be an eneegemtlent process, with marked
reduction in ATP levels having been described &sngtch” promoting the onset of a
necrotic cell death (Leist et al., 1997, Eguchalet 1997, Nicotera and Melino, 2004).
Morphological changes reminiscent to those desdribeapoptotic cells were noted in
platelets exposed to various agonists as well aplatelets stored in culture or as
platelet concentrates (reviewed by Leytin and Freged 2003). As nuclear involvement
was found not to be a requirement for apoptosi®odour, the idea that a similar
mechanism may be at least partially responsibletferadverse changes observed in
platelets stored as concentrates was suggestea@itgand Vayssiere, 1998, Brown et
al., 2000, Li et al., 2000).

Central to the description of many of the procedisé®d to apoptosis is the role of a
family of proteases called caspases that are abkpecifically cleave proteins after
aspartic acid residues, with specificity confertgdthe four amino acids on the MH
terminal side of the cleavage site (Thornberry hadebnik, 1998). Initiator caspases
such as caspase-8 and -9 act as mediators andldbetactivation of effector caspases
such as caspase-3, which actually execute the dewhithe cell by disrupting cellular
structures and inactivating proteins that inhilppioptosis (Snyder and Kuter, 2000,
Taylor et al., 2008). Two principal pathways arerently invoked to describe the
progression of apoptosis: the extrinsic pathwago(akferred to as the death receptor
pathway) and the intrinsic (or mitochondrial) pagyfigure 1.5).
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Figure 1.5: Principal components of the extrinsiedaintrinsic pathways of apoptosis
(see text for details) (Hengartner, 2000) (Repraduavith permission, © Nature
Publishing Group)

The extrinsic pathway is initiated by the activatiof various death receptors by their
associated ligands, including CD95. Activation ledge receptors leads to the assembly
of the death-inducing signalling complex (DISC) wahirecruits multiple copies of
procaspase-8 to the complex via the Fas-assodia&ith domain protein (FADD). The
proximity of the procaspase-8 molecules resulthair activation which subsequently
leads to the activation of the effector caspasae®ed 2011, Kroemer et al., 2007,
Hengartner, 2000, Walczak and Sprick, 2001). Ewdefor the involvement of this
pathway in platelet death has not been conclusestigblished (Leytin, 2012).

As the alternative name of the intrinsic pathwaylies, mitochondria play a central
role, with various intracellular signals convergiog the mitochondria and promoting
permeabilisation of the mitochondrial membrane.sThasults in the release of pro-
apoptotic factors from the mitochondrial intermear® space (IMS), including

cytochrome c. This constitutes the principal pathwa vertebrates (Green and



Kroemer, 2004) and is the mechanism of apoptosisled to and investigated in this

thesis by virtue of the selection of assays adopted

Intrinsic (Mitochondrial) Pathway of Apoptosis

Cytochrome c is a principal component of the mitodrial respiratory chain and
considered a key factor in many models of apoptdisis primarily found in association
with the phospholipid cardiolipin in the space betw the inner and outer
mitochondrial membrane, either in a loosely bourmhfarmation mediated by
electrostatic interactions or as a tightly boundnfo Only the soluble form of
cytochrome c is released into the cytosol, reqgifirst the disassociation of the protein
from cardiolipin followed by release into the cyabgOtt et al., 2002). Once in the
cytosol, cytochrome c binds to apoptotic proteas@ivaing factor-1 (Apaf-1),
promoting its binding to dATP/ATP which in turn b= to the formation of a
multimeric complex referred to as the apoptosomao(Bnd Shi, 2006) (figure 1.6).
Apaf-1 also incorporates a caspase-recruitment aorf@ARD) which is exposed
following oligomerisation, recruiting procaspaseafd assisting its autoactivation to
caspase-9 (Bratton and Salvesen, 2010). This effeetspase is subsequently able to
cleave and activate the zymogen of the executioagpase, caspase-3 (Zou et al., 1999,
Wang, 2001). Concomitant with the release of cytocte c is the release of
compounds such as Smac/DIABLO which interfere vitth action of inhibitors of
apoptosis (IAPs) — a family of proteins able toilihactive caspases (Du et al., 2000,
Verhagen et al., 2000, Bratton and Salvesen, 2010).

10



‘ Apoptotic Stimuli ‘

l
X |
-A f-1 @ “— e 4—@) Mitochondrion
pa i =

ATPATP ]
==

/

¢ »

o] | || &=

Figurel.6: Activation of caspase-3 by the apoptasdotiowing release of cytochrome
c into the cytosolic space (Wang, 2001) (Reprodwegd permission, © Cold Spring
Harbor Laboratory Press)

Permeabilisation of the outer mitochondrial membramould seem to be a pre-
requirement for the release of pro-apoptotic factoormally residing within these
organelles. One suggested control mechanism insdlive Bcl-2 family of proteins,
which contains both pro- and anti-apoptotic memh@&seen and Kroemer, 2004).
Mitochondrial outer membrane permeabilisation (MOMRgulated by the pro-
apoptotic members Bak or Bax has even been suggtstee a “point of no return”
(Dewson and Kluck, 2009). Bak is found in assocratwith the mitochondrial outer
membrane in normal cells, whereas Bax translodat#se membrane from the cytosol
following activation. Pro-apoptotic Bak or Bax malisrupt the membrane via
mitochondrial pores formed by the oligomerisatidrthe proteins or via disruption of
the phospholipid layers (Finkel, 2001, Dewson aridck, 2009). Alternatively, it has
been suggested that Bax interacts with compondmiseopermeability transition pore
(PTP) — a complex of proteins linking the inner ander mitochondrial membranes.
Questions remain over the importance of this stingctin apoptosis, though the
pseudopathological conditions that promote porenmgesuch as elevated cytosolic
calcium levels, low ATP concentrations and oxidatstress, may point to a role in

other forms of cell death (Kroemer and Reed, 2@®enius et al., 2003, Halestrap,
11



2006, Crompton, 1999, Duchen, 1999). The anti-agaptmembers Bcl-2 and Bcl:X
block the oligomerisation of Bax and Bak, thus er&ing the release of compounds
such as cytochrome c. In addition, they may infagemitochondrial physiology more
directly by maintaining thWm and the exchange of adenine nucleotides (Desagher
and Martinou, 2000). A third class of BCI-2 famibyoteins is termed the BH3-only
proteins and appear to control the activity of prasly mentioned members of the

family.

PLATELET FUNCTION

Platelets play a vital role in the formation of aemostatic plug at sites of vascular
injury, thus helping to arrest bleeding and prometeund healing. Two principal

processes enable this function; the initial adhestd platelets to the damaged
subendothelium and the subsequent aggregatioratdlg@is to one another to form the
primary haemostatic plug (Wei et al., 2009). Initdd, activated platelets provide a
catalytic surface for the activity of the coagudatifactors (Galan et al., 2000), leading

to the stabilisation of the primary plug with fibri

Platelet Adhesion to the Vessel Wall

The initial interaction of platelets with an injareressel wall is mediated via platelet
receptors to the newly exposed subendothelium. giyeoproteins GPIb and GPVI
have been identified as playing an important roléhe initial tethering of the platelet to
the injured area. A more stable contact is subsetyjuaccomplished following the

activation of the integrina,f3; ando,,33 (Brass et al., 2007).

GPIbo and its associated subunit, GRlllorm a noncovalent complex with GPIX and
GPV, with approximately 25 000 to 50 000 copiesthed complex expressed on the
surface of the platelet (Kroll et al., 1996). Altlglhh GPIlmt has been shown to bind to
various ligands, its association with the A1 domaiwvWF is the best codified in terms
of the platelet’s role in haemostasis (Wei et 2009). VWF is an adhesive, multimeric
glycoprotein found in the-granules of platelets as well as the Weibel-Palamties of

endothelial cells (Sadler, 2009). The majority &V from the endothelial cells is

secreted into the extravascular space and bind®ltagen exposed on the breached
12



vessel wall (Ruggeri, 2003, Furie and Furie, 20@8).initial release from the Weibel-
Palade bodies, VWF is composed of very large poathotic multimers of up to 20000
kDa (Andrews et al., 2007). On release, these-ldhge multimers are cleaved into
smaller and less adhesive units by the metalloprate ADAMTS-13 (Padilla et al.,
2004). VWF is also found in plasma at concentratiohapproximately 2 x Idmol/L
(Goto et al.,, 1998), but inappropriate binding dfist soluble fraction to the
GPIlbo expressed on the platelet surface is avoided byetp@rement of a stimulus to
confer either VWF or its receptor to an active comfation (Andrews et al., 2007,
Lenting et al., 2010). The conditions of high shegperienced within arterioles, with
shear rates between 1000 to 10000 per second, roaige such a trigger (Jackson et
al., 2009). At these high shear rates, the camtiptatelets to the vessel wall appears to
principally involve the binding of GPtbto VWF. This initial contact occurs quickly but
also has a high dissociation rate and is insufiiciyy itself to secure the platelets to the
site of injury. Instead, the effect is to slow thlatelets and promote contact with the
vessel wall, with the discoid shape of the platedsulting in a hesitant sliding action
which increases the surface area in contact wighvééssel wall (Jackson, 2007). The
recent discovery of membrane tethers — long strandipid membrane extruded from
platelets under high flow conditions - may aid thiscess by reducing the strain on the
primary adhesive bonds (Dopheide et al., 2002u(édL.7).

Figure 1.7: Scanning electron micrographs showimg formation of platelet tethers on
a surface of immobilized vVWF (Scale bar equals 1) |{popheide et al., 2002)
(Reproduced with permission, © The American SocElematology)

GP1b/IX/V is also able to bind to collagen indifgctia the A3 domain of VWF.
However, there is increasing evidence that thecpral platelet receptor for collagen is
GPVI and the initial translocation phase may aidoimomoting the binding of GPVI
receptors on the platelet surface to exposed labritollagen on the damaged
endothelium. Although the affinity of this interamt is again relatively weak, it serves

to activate and re-configure the integrmg; and ;33 to a high-affinity state, with
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GPIb/IX/V and GPVI possibly functioning synergistilty in this regard (Nieswandt and
Watson, 2003, Andrews et al., 2007). The integrifi; (also referred to as GPla/lla)
was the first collagen receptor identified (Santdt®86) and is currently ascribed a
supporting role in platelet adhesion by reinforcuagious “outside-in” signalling events
(Varga-Szabo et al., 2008).

Platelet Aggregation

The release of soluble agonists from initially eated platelets following adhesion to
the exposed endothelium serves to amplify the aftitim response through the binding
of ADP, thromboxane Aand thrombin to their respective G-protein coupieckptors,
serving to maintaim,33 in a high-affinity configuration (Wei et al., 200%ssociated
with the binding of platelet receptors to theirgestive ligands on the subendothelium
are transient increases in the concentration adptgsmic calcium; a potent second
messenger in a variety of platelet interactionsidBig of GPIlm to VWF results in
transient elevations of calcium unrelated to exdllatar levels of the ion (Nesbitt et al.,
2002) and enhanced by the binding of ADP to its P&¢eptor, leading to platelet
shape change and activation of the integuipB3s (Jin et al, 1998). Binding of ADP to
its second P2-type receptor — R2¥ is also believed to contribute tggf; activation
(Leon et al., 2004). The more stable binding asdediwith integrim,,33to VWF and
consequent thrombus formation results in more piged increases in intracellular free

calcium levels (Savage and Ruggeri, 2007).

The integrinaypBs (also known as GPIlIb/llla) is critically involved ithe formation of
platelet-platelet aggregation and clot formatidns fthe most abundant glycoprotein on
the platelet surface, with approximately 60 00@@c000 copies per platelet (Wagner et
al., 1996). In addition, there is an intracellugol of the integrin located in the-
granules available to enhance surface expressibowing activation (Shattil et al.,
1998, Wagner et al., 1996). The high-affinity caniation ofa,,[33is able to bind to
various ligands. Binding to fibrinogen and vVWF ditg promote platelet aggregation,
whilst binding to fibrin, fibronectin, thrombospandand vitronectin may help to
mediate platelet adhesion and aggregation (Ploat.e2007). The interaction between

the integrina,;p33 and fibrinogen has been found to be the dominarthar@sm for
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platelet aggregation at lower shear rates below) E3pcharacteristic of veins and the
larger vessels of the arterial circulation. Fremvihg platelets are able to bind directly
to fibrinogen on the surface of damaged vesselsmutidese conditions with the
previously described binding of GRIto VWF playing a lesser role (Jackson, 2007).
Binding of activated platelets to one another vkaiiogen and its receptors forms
stable contacts that promote thrombus growth (@b#d., 1998) (figure 1.8).

Blood Flow
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Aggregation translocation Cohesion ahiisalion
Receptor/ligand B oty = fibronectin, oyy,fi; — fibrinogen,
interactions CERARC-NNE VWF fibronectin
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Figure 1.8: Receptor-ligand interactions betweeat@lets and the endothelial surface
under conditions of high shear, leading to initi@thering and translocation of the
platelets prior to platelet-platelet interactions@ stabilisation of the platelet plug
(Jackson, 2007) (Reproduced with permission, ©Ainerican Society of Hematology)
Although the binding of GPtb to vVWF and of integrir 33 to fibrinogen have been
found to dominate at different conditions of shéaw in perfusion experiments, the
formation of a thrombus vivowill likely result in microenvironments that wileguire
the various mechanisms that promote platelet adheand aggregation to operate
synergistically to create a stable haemostatic.plings is supported by experiments on
knockout mice which have shown that both VWF abdribgen are required for stable

thrombus growth (Ni et al., 2000).
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Platelet Involvement in the Coagulation Response

The creation of a haemostatic plug serves to Iseathe subsequent coagulation
response at the site of injury. Spatial confinemehtthe reactions involved in
coagulation would aid the activity of the variouszgmes and enhance the formation of
a stable fibrin clot. Anionic phospholipids, pripally phosphatidylserine (PS), on the
platelet surface are believed to serve this purgBseers et al., 1982, Krailadsiri et al.,
2001). PS serves to anchor coagulation proteingacong domains rich iny-
carboxyglutamic acid (Gla) residues formed by caytaiion of glutamic acids in a
vitamin K-dependent manner (Vermeer, 1990, Lemn&008). The Gla domain is
present in prothrombin as well as factors VI, IxdaX (Zwaal et al., 1998). Binding to
membrane-bound PS requires?Cins which are thought to coordinate the required
structural modification of the Gla domain as wellaamchoring the protein to the bound
lipid (Huang et al., 2003, Ohkubo and Tajkhorsi@)8).

The distribution of phospholipids on the plateleembrane of the resting platelet is
asymmetric, with cholinephospholipids (phosphatiipgline and sphingomyelin)
preferentially expressed on the outer leaflet of tplasma membrane and
aminiphospholipids, principally phosphatidylserare phosphatidylethanolamine (PE),
mostly confined to the inner leaflet (Vance, 2008)e maintenance of this asymmetry
is thought to be dependent on the activity of twdPAdependent processes. The
dominant of the two processes involves the traniggfd?S and PE from the outer to the
inner leaflet by a translocase specific to thedpamt of aminophospholipids, with one
molecule of ATP estimated to be hydrolysed per phoBpid transported (Beleznay et
al., 1993). A less-specific ‘floppase’ transportgtbcholine- and aminophospholipids
from the inner to the outer leaflet. As the hatfi¢is for floppase activity are on the
order of 1.5 hours compared with approximately 5 18 minutes for the
aminophospholipid translocase, the cumulative tesudn asymmetric distribution of
PS and PE (Connor et al., 1992). ATP depletion lme tnactivation of the
aminophospholipid translocase is not sufficienswbstantially disrupt lipid asymmetry
in isolation due to the slow transbilayer movemeitipids (Bevers and Williamson,
2010). Rapid loss of asymmetry occurs through ftttevity of a bi-directional lipid
scramblase, which requires sustained micromolacexmnations of intracellular calcium

evident as a result of platelet activation or pamgmed cell death (Bevers et al., 1995).
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Unlike the translocase and floppase, the functibrthe scramblase is not energy-
dependent, though prolonged ATP depletion may dserats activity (Martin et al.,

1995). Interestingly, the increase in intracelldalcium also inhibits the activity of the
aminophospholipid translocase, thus ensuring that lbss of asymmetry is not

corrected (Bevers et al., 1999) (figure 1.9).
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Figure 1.9: Model of mechanisms involved in memérnahospholipid asymmetry. Also
alluded to is the importance of PS in promotinggudation and clearance of apoptotic
cells by phagocytes. (Zwaal and Schroit, 1997) (Bdyced with permission, © The
American Society of Hematology)

Briefly, current understanding posits that the ecgagon response is initiated when
injury to the vessel wall exposes subendothelssue factor (TF) (Weiss et al., 1989).
Circulating factor Vlla binds to the exposed TFnfiimg a complex that proceeds to
activate factors 1X and X to their active forms @Kkenan, 2009). The factor Xa formed
by this process combines with factor Va on the erpoendothelium to generate a
limited quantity of thrombin. It serves to activdtector VIII by dissociating it from
circulating VWF and allowing it to form a complexitiv FIXa on the surface of
activated platelets. This tenase complex furtheruits factor Xa and promotes its
association with factor Va to form a prothrombinasenplex that stimulates a burst of
thrombin formation from its prothrombinase precurfdonroe and Hoffman, 2006,
Gale, 2011) (figure 1.10).
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Figure 1.10: Schematic of tenase and prothrombinas®plexes in association with
membrane phospholipids (Zwaal et al., 2004) (Repced with permission, © Elsevier
B.V.)

Thrombin is a potent platelet agonist which proradtather platelet activation via G-
protein-coupled protease-activated receptors (PARs)he platelet surface (Jardin et
al., 2007, Jackson et al., 2003). PAR-1 and PARetbmth specifically cleaved by
thrombin, with the suggestion that PAR-1 mediatiesepet activation by low amounts
of thrombin while more sustained activation inv@v@AR-4 and requires higher
concentrations of thrombin (Kahn et al., 1999). Aigbostimulated platelet activation is
initiated by hydrolysis of phosphatidylinositiol 54bisphosphate (P3P by
phospholipase C into the second messengers indsdigb-trisphosphate (4P and
diacylglycerol (DAG). As well as accelerating plate activation, thrombin is
responsible for stabilising the haemostatic plugtwyverting fibrinogen to fibrin (Furie
and Furie, 2008, Mann et al., 2003); binds to its receptor on the DTS, promoting the
release of C4 from intracellular stores. The decrease if'Galeases the DTS-located
transmembrane protein stromal interaction moleclile(STIM1), allowing it to
translocate to the platelet surface and regul&®gening of the calcium channel Orail,
resulting in an influx of extracellular calcium B mechanism referred to as store-
operated calcium entry (SOCE) (Varga-Szabo e@D9). Increased concentrations of
Ca&* and DAG activate “Cd and diacylglycerol regulated guanine nucleotidehexge
factor 1" (CalDAG-GEFI) (Crittenden et al., 2004ef@meier and Stefanini, 2009),
18



which leads to the interaction of Raplb, Rapl-axeng adaptor molecule (RIAM) and
talin 1. The interaction leads to the exposureadim f an integrin binding site which
disrupts the connection between thandf subunits of the integriallbp3, altering the
configuration and allowing for the subsequent bagdio fibrinogen and vVWF (Petrich
et al., 2007) (figure 1.11).

’ endothallum ” ”F—'—_

i NO PGI,

PLA, <— CaID»{\S-GEFI*—

Rap1

N
RIAM

degranulation talin  kindlin 3

fibrinogen Ca?*

Figure 1.11: Interaction of the principal plateleéceptors with the various effectors
associated with platelet adhesion and aggregation details see text) (Broos et al.,
2012) (Reproduced with permission, © Elsevier B.V.)

The TF/VIla complex is able to assemble and fumctimlequately in the absence of
anionic phospholipids (Bach et al., 1986). Howevke assembly and activity of the
tenase and prothrombinase complexes is highly degperon the surface exposure of
PS — a fact illustrated in the rare congenital dileg disorder known as Scott syndrome
in which the inability to express PS on plateletivation leads to a failure to bind
factors Va and Vllla to the platelet surface, wibnsequent failure to effectively
generate thrombin (Nurden and Nurden, 2007). Fasdgnised in lymphocytes, surface
expression of PS is also associated with cellsi@gtapoptosis and is believed to act as

a recognition signal for cell clearance by phagesyi-adok et al., 1992, Bevers and
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Williamson, 2010). A study on B lymphocytes fronseott patient detected normal PS
exposure in cells stimulated to undergo apoptasigdiled to detect a similar change in
cells exposed to a calcium ionophore, suggestiag tlvo distinct pathways of PS
exposure may be operating in haemopoietic celldli@iison et al., 2001, Zwaal et al.,
2004). A recent study investigated this concepplatelets using mice with variable
expression of the pro-apoptotic Bcl-2 family mensbéak and Bax.Bak'Bax”
platelets exposed to the apoptosis-inducing BH3 eticyABT737 failed to express PS
on the surface, whereas exposure to either a oaleanophore or CRP/thrombin
resulted in normal levels of PS exposure. Theselteesonfirmed the hypothesis that
expression of PS on the platelet surface follows thistinct pathways depending on
whether the platelets are subjected to a physiolagonist or an apoptotic process
(Schoenwaelder et al., 2009, Bevers and William2®10). Finally, in addition to its
procoagulant function, PS also serves to contanetktent of thrombin formation by
directing the action of the protein C pathway, whitegrades the FVllla and FVa
associated to the PS-expressing lipid surface (ZaraSchroit, 1997).

Although the haemostatic role of platelets has bmmsidered their primary function,
there is an increasing appreciation of their cbotion to inflammation through their
recruitment of leucocytes to sites of vascular mpjand the release or expression of
various mediators associated with inflammatory dmas (McNicol and Israels, 2008,
Zarbock et al., 2007).

PLATELETS IN CLINICAL PRACTICE

Platelet concentrates are generally administeredraat thrombocytopenia, which
constitutes a common complication of critical iBsg/Arnold et al., 2006, Tinmouth and
Freedman, 2003). Platelet transfusion constitutesprincipal replacement therapy to
combat active bleeding exacerbated by a low platelent in conditions such as sepsis
and other causes of disseminated intravascular utatean, disease-induced and
iatrogenic bone marrow failure and gynaecologicakrencies such as preeclampsia
Increasingly, platelet concentrates have been pegghylactically to maintain platelet
counts, particularly in cancer patients undergathgmotherapy and in recipients of
stem cell or bone marrow transplants (Perrotta &ngder, 2007, Levi et al., 2009,
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British Committee for Standards in and Blood Trasgin Task Force, 2003). A
platelet concentration of 10 x %D is often recommended as a transfusion trigger in
these stable patients, with the aim of raisingptlagelet count by at least 20 x*#l0per
single adult dose (Williamson, 2004).

PLATELET CONCENTRATES

Techniques for the separation of platelets from levidood and their administration as
a concentrate in order to increase the plateletbeurwithout increasing the fluid load
to the recipient have been described since the sl98@hor and Burnett, 1952). The
development of gas-permeable plastic containewlgriacilitated the production of PC
and promoted their routine use (Perrotta and Sn@d&7).

Storage Packs

A critical development stemmed from the recognititmat platelets require an
environment that allows adequate exchange of oxyaeth carbon dioxide. First-
generation plastic containers were composed ofvpoly chloride (PVC) rendered
pliable by use of the plasticizer di-2-ethylhexjtipalate (DEHP) (Murphy et al., 1982).
The lifetime of platelets in PVC containers wasited to 3 days and even within this
short period, pH levels in many of the units hadrdased below 6.0 by end of storage;
a condition known to be harmful and lead to lossiability (Murphy et al., 1970).
Additionally, there were concerns about possiblertal effects caused by the leaching
of plasticizer into the component (Jaeger and Ruldif72) which led to the
development of containers comprised of polyethyleséead of PVCIn vitro studies
with these packs found that pH was better mainthiméth results correlating with a
reduced rate of lactate production. Polyethylergpijgroximately twice as permeable to
oxygen as standard PVC and it was suggested tisahtineased rate of oxygen
availability was responsible for the improved pldis (Murphy and Gardner, 1975).
Studies under anoxic conditions had previously shdat an inability to maintain
oxidative metabolism will increase the cell’'s depemcy on anaerobic metabolism in an
attempt to preserve energy levels, leading to arease in the rate of lactate production
— a process referred to as the Pasteur effect (Gefpgl., 1995).
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The polyethylene storage packs were found to beframgile for practical component
manufacture. However, the accepted requirementaiotain appropriate gas exchange
led to the development of second generation coartsiasing plastics such as polyolefin
that were sufficiently robust for routine use amthined the required permeability to
maintain adequate gas exchange (Murphy et al.,)1982ther work suggested that
other physical characteristics of the storage paxaiuding the thickness of the plastic
film and the size of the pack, also played a relemaintaining platelet viability.
Together, these parameters serve to define the eoxyffusion capacity of the
container — a more useful measure of the pack’btyabd maintain platelet viability
than oxygen permeability alone (Wallvik and Akerhlo1990). Thus, thinner plastics
can help to compensate for lower oxygen permewl§Niurphy and Gardner, 1975) and
a modest increase in pack size can aid gaseouarmyely maximising the surface area
for diffusion (Kakaiya and Katz, 1984, de Wildt-Esgget al., 1998). Since platelets
have a fixed demand for oxygen at a set temperatieemeasure of oxygen diffusion
capacity can also aid in defining the maximum ppédtgield that a storage pack can
support (Wallvik and Akerblom, 1990). Associatedhathe ability to allow oxygen into
the packs is the ability for carbon dioxide to d#é to the outside, since a build-up of
CO, would lead to the formation of carbonic acid amdtcbute to a decrease in pH

over time.

Sterilisation

Bacterial contamination of the platelet componera complication of PC storage with
potentially fatal consequences. Estimates of teealence of bacterial contamination in
platelet components range from 1 in 2000 to 1 iG030nits, with the risk of a severe
transfusion reaction of approximately 1 in 5000@n#icantly exceeding the risk of

receiving a unit contaminated with one of the \@ssroutinely screened for by
transfusion services in the UK (Blajchman et a0p4£). Numerous procedures have
been introduced to reduce the risk of bacteraemi@C; including rigorous arm

cleaning before venupuncture, the diversion offits¢ 20-30 mL of blood to prevent

the skin plug removed by the needle from enterhmg hain pack, and monitoring of
units for bacterial activity over the storage pdrior before transfusion of the
component (Pietersz, 2009). A vital component ekéhefforts is the provision by pack

manufacturers of a closed collection and storageesy with guaranteed sterility. Three
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principal methods of sterilisation have been adidipsteam sterilisationy-irradiation
and use of ethylene oxide. Some authors have siaglysat the method of sterilisation
can affect the characteristics of platelets untlaage, with steam sterilisation resulting
in higher levels of platelet activation and lactateduction compared with ethylene
oxide (van der Meer and Pietersz, 2007).

Agitation

Studies have shown that storing platelets undeic standitions results in a relatively
rapid decrease in pH, lower aggregation responseésrereased platelet activation; as
measured by supernatant levels of secretory grazauleents such as platelet factor 4
and B-thromboglobulin (Mitchell et al., 1994, Snyderat, 1983). Since such studies
have been performed using storage packs with ateegeameability for oxygen, it is
the lack of mixing that is generally attributedlie responsible for the relatively poor
storage characteristics (Wallvik and Akerblom, 199%he mode of agitation has also
been found to impact on platelet viability, withrizontal flat-bed agitators widely
adopted over rotational mixers (Holme et al., 19P&¥iods of interrupted agitation are
likely to occur as PCs are transported to hospitalgemporarily stored in small
facilities with limited resources. Studies haveedetined that storage under static
conditions for up to 24 hours at any time pointidgithe storage period does not lead to
significant platelet damage as measured by variougro assays (Van Der Meer et al.,
2007, Hunter et al., 2001). Interruption of agaatifor longer periods had a more
significant effect on pH levels, with longer statmeriods and higher platelet

concentrations resulting in lower pH values (Dumeirgl., 2007).

Temperature

Current guidelines for the storage of PC requiee uhits to be stored at 22°C + 2°C.
The risk of a PC developing a clinically relevansd of bacteria over the storage period
would be decreased if PC could be stored at terypesaof 2 — 6°C typical of red cell

components. Bacterial contamination in platelet gonents is estimated to be 50 times
more prevalent than in red cells (Kuehnert et 2001), with the higher storage

temperature a significant factor of this increasskl. Experiments investigating storage
of platelets at 4°C using metabolically suppregsatklets - in which energy stores for

the platelets were depleted by initial storage #C3in a glucose-free, antimycin A-
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containing buffer - suggest that cold storage &t ¢éems to stabilise metabolic activity
and does not lead to increased expression of nsdesociated with platelet activation,
such as CD62P and CD63. In addition, responsenatifanal assays such as TRAP-
induced aggregation was improved compared withejdtds stored at ambient
temperatures (Badlou et al., 2005, Cauwenberghs,e2007). Morphological changes
do occur during cold storage that are similar ®¢hanges following platelet activation
and have been termed cold-induced activation. $helnges appear to be the result of
F-actin fragmentation and microtubule depolymernisatChanges in the viscosity of
the platelet membrane have also been noted in astondies. The effect is the loss of
the normal discoid shape and the appearance oklgat with a spherocytic
morphology. It is unclear whether such a changeshape would by itself pose a
problem for the transfusion of these platelets, aagnal studies have suggested
spherocytic platelets are not preferentially cldairem the circulation (Hoffmeister et
al., 2003a). However, early studies showed thatelgts stored at 4°C were rapidly
cleared from the circulation following transfusiqdosefsson, 2007). More recent
investigations have measured a down-regulatiorhé eéxpression of CD42b, which
may be related to the mechanism for clearance iiedhplatelets (Sandgren et al.,
2007). Chilling irreversibly clusters the GPIb/IX/somplex on the platelet surface.
Hepatic macrophages expressing the integrjp3, are capable of detecting the
clustered GPIb through binding of the lectin domain of the infegio the3-GIcNAc
residues of the glycoprotein’s N-linked glycansc&gnition leads to the phagocytosis
of the chilled platelets and removal from the dation, with approximately two thirds
of platelets chilled before infusion estimated ®duickly cleared by this mechanism
(Hoffmeister et al., 2003a). Initally encouragingsults suggested masking of the
GIcNAc residues by enzymatic galactosylation magcjude the premature clearing of
chilled platelets (Hoffmeister et al., 2003b, Bakical., 2007). However, the results
from thein vitro studies did not translate to better retention afiath platelets in a
phase 1 clinical trial (Wandall et al., 2008), aiaghid clearance from the circulation

remains the most intractable problem in adopting storage for platelet concentrates.

On the opposite side of the temperature scale,jngtoplatelets at physiological
temperatures of 37°C is not contemplated, asitheitro characteristics of platelet

ageing are accelerated. These include an increeedof ATP utilisation and a
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doubling of oxygen consumption compared to plasetbred at 22°C, suggesting an
increase in metabolism (Holme and Heaton, 1995jedent study by Bertino et. al.

(2003) also demonstrated accelerated decreasds ang platelet concentration along
with increases in lactate dehydrogenase levelss Tdst study also suggested that

programmed cell death may be promoted by storagé°& (Bertino et al., 2003).

Current Methods of PC Preparation

Current methodologies for the preparation of pé&itebncentrates are based on three

approaches (Tynngard, 2009):

— Single donor PCs collected by apheresis technolagygutomated process by which
platelets are separated from whole blood by cemfaifion or elution, with the red
cells returned to the donor. Depending on the dobetween one and three adult
dose PCs may be collected during the approxim&@Iminute procedure, with 4 to
5 litres of whole blood being processed (Perratich @nyder, 2007).

— Platelet concentrates prepared from platelet riakrpa (PRP-PC), in which PRP is
separated from whole blood by a gentle centrifogastep. The PRP is separated
from the red cells into a satellite pack which fen subjected to a “hard”
centrifugation step. The excess plasma is extracteda separate pack and the
resulting platelet pellet gently re-suspended & rgmaining 50 — 70 mL of plasma
to generate a concentrate. Four to six of thests unay be pooled to provide a
single adult dose. Pooling traditionally occurrdubrsly before transfusion due to
concerns that storage of pooled concentrates mergdse the risk of bacterial
growth and degrade the quality of the componentegwy et al., 2004). Recent
studies, however, have provided robust evidence ghaling does not adversely
affect the platelets. Preparation of PRP-PC remtnaspreferred method for PC
production in the United States.

— Platelet concentrates prepared from a pool of 4i6levblood-derived buffy coats
(BC-PC). An initial hard centrifugation step sepasathe buffy coat, containing the
white cells and platelets, from the bulk of the cefls and plasma. The buffy coats
may be stored overnight without agitation at 22°€ before being pooled (though
some organisations prefer to store the whole bloeernight, using butanediol
plates to cool and maintain the whole blood at exipnately 22°C for up to 24
hours) (Murphy, 2005, Pietersz, 2011, Dijkstra-Bie# et al., 2011). Between four
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to six buffy coats are aseptically pooled usingaatologous unit of plasma (or an
artificial suspending medium). Gentle centrifugataf the buffy coat pool separates
the platelets as a concentrate from the red celis a significant fraction of the

white cells, with removal of the remaining whitdlseachieved through an integral
filter leading to the PC storage pack. This isrtiethod currently adopted in Europe
and Canada (figure 1.12). A detailed descriptionthe&f preparation of PC from

pooled buffy coats is provided in chapter 2 (Metjod
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Figurel.12: Schematic of whole blood-derived plktteloncentrates (a) from platelet-
rich plasma (b) from pooled buffy coats (Vassalt aMurphy, 2006) (Reprinted with
permission, © Lippincott Williams & Wilkins)
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Improvements in the preparation and storage of i¥e allowed the extension of the
storage period from an initial limit of three dagsfive days. The ability to store PCs
for longer periods has long been desired, as itldvease the logistical pressures on
transfusion services to maintain the supply, esfigcas mandatory blood grouping and
virology testing requirements significantly impinga a shelf life limited to five days.
In the 1980s, the US Food and Drug Administraticas wufficiently confident in the
ability of storage packs to retain adequate platakility over seven days that they
approved the adoption of this extended storageogeffoncerns over an increase in
cases of bacterial contamination forced regulatrthorities to reverse the decision
(Braine et al., 1986, Heal et al., 1986, Slich004). However, the introduction of
approved measures to monitor the sterility of péateoncentrates has allowed the
limited re-introduction of 7-day storage periodsn Associated development is the
introduction of pathogen inactivation technology.FAC, currently CE marked pathogen
inactivation methods rely on the targeting of nielacids with compounds which
subsequently photoactivate on exposure to ultraviehvelenghts, causing irreversible
damage to the molecules and preventing the pratitar of viruses, bacteria and white
cells (Prowse, 2012).

A further consideration is the impact of an extehd®rage period om vitro platelet

characteristics as well as platelet function armmbvery following transfusion. Changes
in platelet morphology, functional responses, maiabparameters and markers of
senescence have been noted in relation to the gmioge and storage of PC.
Collectively, these changes have been termed théelet storage lesion (PSL).
Numerous studies have suggested that prolongingttirage period is related to the
increased expression of the PSL, leading to theirement of a better understanding of
this phenomenon if further improvements in the mion of PCs to hospitals are to be
forthcoming (for recent reviews see Maurer-Spungj &hipperfield, 2007, Shrivastava,
2009, Ohto et al., 2009, Thon et al., 2008). THeWoNng section describes the nature of

the storage lesion in association with some obsays adopted for its investigation.
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PLATELET STORAGE LESION

Platelet Morphology

Platelet activation results in a transformatiomfrthe normal discoid morphology of
the resting platelet to a more spherical form vgpimy projections (Maurer-Spurej and
Chipperfield, 2007). Similar morphological chandes/e been observed in platelets
stored as concentrates and have been linked taceddplatelet recoveries in early
studies, leading to the suggestion that the maames of a discoid form is a
prerequisite for platelet survival (see Goodrichaktfor references Goodrich et al.,
2006). A scoring system was developed to provideemi-quantitative measure of
platelet morphology as viewed under oil-phase nsicopy (1000x magnification), with
platelets categorised as discs, spheres, denfiritits or ballooned forms. Each form is
given a score from 4 to 0 and the percentage ofi égme multiplied by the score
(Kunicki et al., 1975, Murphy et al., 1994). Recgveand survival of platelets in
radiolabelled re-infusion studies were found torelate with the morphology score in
these early studies. Reviews of subsequent sthdies shown a 20-45% decrease in the
morphology score between fresh and 5-day old get€Murphy et al., 1994, Cardigan
and Williamson, 2003). A change in morphology wstbrage has also been suggested
from monitoring the “swirling” of platelets in astge pack. A population of discoid
platelets will scatter incident light in numerougedtions due to the varying orientation
of the platelets in relation to the light as thé isigently rocked. The appearance is that
of a turbulent fog when the unit is held up toghtisource. Spherical platelets have a
uniform shape and will not produce this effect @rer and Hay, 2004, Bertolini et al.,
2000). However, murine studies have shown thabdisglatelets may also be removed
rapidly from the circulation and both murine andnate platelets activateish vitro
with thrombin and displaying a non-discoid morplgyl@are able to circulate normally.
Such work has led some to suggest that shape clengérelated to platelet clearance
in the circulation (Hoffmeister et al., 2003a, iialo et al., 2003). In addition, evidence
from a study using a rabbit model suggested tratnibrphological score is not related

to the haemostatic efficiency of transfused plaselRothwell et al., 2000).

Associated with the measure of platelet morpholegyhe measure of platelet size,
generally described by the mean platelet volume(MRIPV in vivo appears to be

maintained independent of platelet age. An increase MPV is evident in
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thrombocytopenic patients, possibly related to mpensatory thrombopoiesis, with the
suggestion that younger platelets are larger anactifnally more responsive
(Thompson et al., 1984, Albanyan et al., 2009).ilstorage, an increase in MPV is
often evident, arguably related to swelling of thiatelet population and a disc-to-
sphere transformation. Some authors have suggesigiibn in the interpretation of
MPV results, as platelet lysis or the formationnutroparticles may lead to a relative
decrease in this measure (Fijnheer et al., 1988edd, studies often report a decrease
in platelet concentration with duration of storaties most likely explanation being the
breakdown of relatively fragile, possibly olderagdlets (Hornsey et al., 2008). Studies
have also noted that the processing methodologyaae a relative impact on MPV. A
lower MPV has been noted in apheresis-derived Iplat®oncentrates compared with
BC-PC, possibly due to preferential collection ofiadler platelets by the apheresis
technology (Albanyan et al., 2009).

Platelet Activation

The monitoring of platelet activation as a compdnehthe PSL has included the
measurement of markers associated with secret@yulg release, the formation of
microparticles and conformational changes in memdrglycoproteins such as the
integrin a3, as well as the morphological changes already testi(Heijnen et al.,
1999, Kulkarni et al., 2000). Assays may be perfmran non-stimulated platelets from
PCs to determine the spontaneous activation camg@docessing and storage, as well
as agonist-stimulated platelets to determine thelual capacity for platelets to respond
to physiological agonists (Vetlesen et al., 200%3. a marker ofa-granule release,
surface expression of CD62P has generally beendféainncrease with storage, with
the concentration of thrombin required to achiewesquivalent level of expression also
increasing with longer storage periods (Leytin Bt 2008). The latter observation
suggests a depletion of the-granule contents with storage, though alternative
explanations may involve shedding of the PAR-1 pemeor disruption of the signalling
process (Reiter et al., 2003, Jilma-Stohlawetz|et2808). CD62P binds to the P-
selectin glycoprotein ligand-1 (PSGL-1) receptom@pally found on the myeloid
lineage of leucocytes, leading to the suggestiam @n increased expression of CD62P
in activated platelets could be responsible forrtlaecelerated clearance from the
circulation following transfusion (Perseghin et, 8004, Gutensohn et al., 2002).
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However, studies investigating the relationshipwieetn surface CD62P and platelet
recovery post-transfusion have yielded inconsistesults (Holme et al., 1997, Dumont
et al., 2002, Rinder and Smith, 2003), possiblienting the lack of standardisation in
methodology which may vary with respect to sampieppration as well as flow
cytometric settings. A 1992 study by Triulzi et @bncluded that there was no
correlation between CD62P expression and correcmaht increments {#0.34)
(Triulzi et al., 1992). Proteolytic cleavage of CIF6from the platelet surface has been
found to yield a 100 kDa soluble fragment which hasn suggested by some authors to
constitute a better indicator of platelet activatauring storage than surface expression
of the protein (Michelson et al., 1996, Berger let #998). Expression of CD62P has
been reported to correlate well with other markefsdegranulation such aB-
thromboglobulin, RANTES and platelet factor 4 - @nstituents ofi-granules and all
reported as increasing significantly with storag§egnwell et al., 2003, Cardigan et al.,
2003). As with CD62P expression, correlation ofsthenarkers with platelet recovery
has been poor (Murphy et al., 1994, Snyder, 19B2nse granule release has been
investigated via the expression of CD63 (Sandgteal. £2008). The use of this marker
alongside CD62P in studies of cerebral ischaemia fiaund continued expression of
CD63 with none of the degradation evident with CB6@arquardt et al., 2002),
leading to the suggestion that it may form a bettarker ofin vitro platelet activation
than CD62P (Sandgren et al., 2007).

Flow cytometric assays have also been employedvestigate changes to membrane
glycoproteins during storage. Surface expressio@f2b (the GPlb component of
the GPIb-1X-V complex) has been found to decreasédarately with storage, though
levels remain at approximately 90% of starting Is\(®iedrich et al., 2008, Cardigan et
al., 2008). The decrease may be related to rddligion of the glycoprotein into the
open canalicular system and although a possibleeguence would be a decrease in
adhesive function, no such effect has been measuréer flow conditions (Turner et
al., 2005, Sandgren et al., 2008).

Platelet-derived microparticles are small (40 nth i) fragments expressing platelet-
specific antigens that have been found to increasaumber with storage of PC
(Niewland and Sturk, 2007). The increased formatérmicroparticles is associated
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with platelet activation, with increased formatiamoted after stimulation with
physiological agonists as well as the calcium idrasp A23187, exposure to high shear
and in clinical situations associated with plateletivation (Heijnen et al., 1999). There
is some hesitation in employing microparticle fotima as a marker for monitoring the
PSL, as their small size is at the limit of theotason possible by flow cytometry
(Maurer-Spurej and Chipperfield, 2007). Indeedngraission electron microscopy
studies have implied that there are two distincpypations of microparticles with
apparent diameters of 0.4 — 0.6 um and 0.08 —®.23andberg et al., 1985). The latter
population would likely be lost in the backgroumbise” of the instrument (Bode et al.,
1991).

Platelet Metabolism

Platelets under standard storage conditions emploth aerobic and anaerobic
metabolism to maintain their energy stores. Exthalee pH of PCs is employed by
transfusion services as an ubiquitous measure eofetfectiveness of processing and
storage methods to maintain the metabolic activitglatelets, as levels below 6.2 have
been associated with poor performance in othevitro parameters (Murphy et al.,
1994, Rinder and Smith, 2003). The decrease in malditionally reported in PC
suspended in plasma is attributed to the accuroulaif lactic acid due to continued
glycolysis, even in the presence of adequate oxyiyemphy and Gardner, 1975), with
a pH of 6.0 associated with a lactate concentrabbrapproximately 30 mmol/L
(Gulliksson, 2003). The concentration of hydrogemsiwill be buffered by the presence
of bicarbonate in the plasma, which in PC suspendeld0% plasma is sufficient to
buffer lactate levels up to approximately 20 - 2&maoi'L (Murphy, 2002, Kilkson et al.,
1984). This has led to the suggestion that lactatecentration would be a better
predictor of in vivo recovery than pH (Goodrich et al., 2006). Rateslauftate
production and glucose consumption have also belaptad to monitor the PSL.
Aerobic metabolism has been indirectly monitoredP{d through the measurement of
partial pressures of oxygen and carbon dioxideh witreases in pOand concurrent
decreases in pGnterpreted as a decline in oxidative metabolisralt€ et al., 1987).
Conversely, lower p@levels are indicative of increased oxygen conswngiPicker et
al., 2009). Some care is required in the interpiataof these parameters with current

gas-permeable storage packs, as the pressureeknto the equilibration of £and
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pCQ; in the pack relative to atmospheric pressuresr{ghet al., 2008a). An additional
parameter that may be useful in this context ialautated rate of oxygen consumption
that includes the gas permeability of the plastion@ll as PC and atmospheric partial
pressures of oxygen (Kilkson et al., 1984).

Losses of ATP and ADP associated with PC storage haen reported in the literature
(Rao et al., 1993), though levels of ATP are mdstropresented in publications.
Starting levels of ATP in PC are somewhat variatépending on the methodology
used to perform the measurements (Girotti et 8B9) but there seems to be a growing
consensus that ATP levels below 4.0 pmdffflatelets (or approximately 70% of day
1 values) are related to redudedvivo recoveries below 50% (Cardigan et al., 2005).
Early studies also noted that ATP levels were atigerved to decrease after glucose
concentrations decreased below 50% of startingldey®avage, 1982). A further
measure to assess the energy potential of platel&€s is the adenylate energy charge
(AEC), regarded as indicative of the overall enestptus of the cell. It requires the
measurement of ATP, ADP and AMP levels, and iswated as follows: AEC =
(2ATP + ADP)/2(ATP + ADP + AMP) (Rao et al., 1984erhoeven et al., 1985).

Platelet Function and Viability

One of the fewin vitro assays adopted to monitor the PSL that has besmd fto
correlate with platelet recovery post-transfusiernthe extent of shape change (ESC)
(r=0.71), with levels below 15% (or less than 60PAay 1 values) correlating with less
than 50% recovery (Holme et al., 1998, Diedrichlet2008). The assay is a measure of
the change in light transmission of a platelet danmpresponse to the addition of ADP
(VandenBroeke et al., 2004). Significant correlatadso exists between the ESC assay
and morphology scores (r=0.93) (Holme et al., 1988) this may have led to the
common interpretation of this assay as an indicatqratelet shape change in response
to the addition of a weak agonist. This explanatias been recently challenged, with
the suggestion that the decrease in light transomiss Born-type aggregometers is
caused by the formation of microaggregates ratiaan & disc to sphere transformation.
Two lines of evidence have been used to suppastitierpretation: i) the observation
that platelets at 37°C appeared as smooth discs wherest, with no change in

morphology when exposed to stirring at 1000 rpnrmetheugh light transmission under
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these conditions increased abruptly, ii) platelbtg had already been observed to have
undergone a change in shape proceeded to showeadedn light transmission on the
addition of 0.5 iu/mL thrombin (Maurer-Spurej andg\ine, 2001). In addition, the
authors suggest that microaggregation is distimomf normal aggregation, since
platelets from patients with Glanzmann’s thrombeastf, which lack the integrias[33
required for complete platelet aggregation, comitmushow the initial decrease in light

transmission.

An assay often performed in conjunction with theCHS the hypotonic shock response
(HSR), which measures the relative recovery ofeiddis to a hypotonic insult. The
addition of water results in swelling of the platsl with gradual extrusion of the water
by viable platelets, probably via an ATP-dependspiuision of K and Clions (Okada
et al., 2001). This change can be photometricattasared, since the refractive index of
the platelets decreases with the uptake of watsdihg to an increase in light
transmission which gradually declines again aswhéeer is extruded (Holme, 1998).
The HSR has shown reasonable correlation witlvivo platelet recovery (r=0.57)
(Holme et al., 1998), with recovery levels belowdb@ssociated with HSR values
below 70-75% (Cardigan et al., 2005) or less th@% §Diedrich et al., 2008) for PC

suspended in 100% plasma.

Determining the ability of platelets stored as BQ@uinction normally after transfusion is
a major goal of the various assays employed toyshuel PSL, and the capacity of stored
platelets to form aggregatasvitro in response to various physiological agonists @oul
seem a logical approach to accomplish this. Trawkii platelet aggregometers measure
light transmission through a platelet sample. Aggt®n would be expected to result in
an increase in light transmission as the formatbnlarge particles enhanced the
unimpeded transmission of light (Born, 1962). Taerof aggregate formation and the
maximum response are the parameters generally djy@tnngard, 2009). Platelets
stored for 5 days under standard conditions haea Beown to have a poor aggregation
response to single agonists such as ADP, epineplama collagen (Murphy et al.,
1994), with confirmatory results from studies whiébund a reduced aggregation
response in platelets stored as PC compared telgiktretained as whole blood

(Shapira et al., 2000, Jansen et al.,, 2004). Thporese to stronger agonists such as
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thrombin or paired weaker agonists has been repadebetter maintained (Murphy et
al., 1994). The latter may be a better indicatgpexformancen vivo since activation by
single weak agonists does not reflect conditionsthe circulation (Cardigan and
Williamson, 2003). Another factor to consider inetimterpretation of aggregation
response is the observation that a reduced respansecover after transfusion (Miyaji
et al., 2004). In addition, studies with platelstered at 4°C have concluded that
platelet aggregation response does not correlatie iwivivo platelet recovery and
survival, as the chilled platelets have an improagdregation response but are rapidly
cleared from the circulation (Kattlove et al., 197Mterestingly, work with PCs
suspended in additive solutions or washed platdiate resulted in a decreased or
absent aggregation response on addition of ADPa@dRld et al., 2004). A decrease
in ADP receptor responsiveness due to the lackpErmissive factor present in plasma
has been suggested as a possible explanation (Ketigd., 2006). Platelet adhesion to
glass slides coated with collagen has also beeeredxs to decrease substantially with
increased platelet storage; though, in contragihégprevious observation, the presence
of plasma did not seem to impact on the resultefret al., 2000). As an assay for the
determination of platelet function after transfusistandard aggregometry suffers from
the disadvantage that reactions are restricteddw &hear environment which does not
reflect conditionsn vivo. A variety of techniques and instruments have betaduced

to address this limitation. One approach is to mesthe adhesion and/or aggregation
of platelets to a subendothelial surface/matrixanragonist-coated membrane under
controlled shear conditions (Morrison et al., 200@naka, 2006, Rand et al., 2003). A
second approach measures the elastic propertee$oofing blood clot. Application of
these techniques to the study of the storage legipears to be limited, though studies
measuring the strength of clot retraction haveafised little or no change after five
days of storage (Tynngard et al., 2008, Reid £1.8P8).

Mechanisms of Cell Death

Associated with the maintenance of ATP levels iara&je may be the functional
capacity of the platelets’ mitochondria to maintéie electron transport chain across
the inner mitochondrial membrane (Newmeyer and Wsg-Miller, 2003). The

deliberate uncoupling of oxidative phosphorylatinrplatelets through the addition of

the protonophore carbonyl cyanide m-chlorophenyiaydne (CCCP) has been
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reported to result in a marked reduction in platedeovery post-transfusion in a mouse
model (Kile, 2009). The experimental approach hesnbproposed as a model for the
PSL, since the disruption of oxidative phosphorglahas been associated with platelet
shape change, disruption of membrane phospholimgmeetry, microparticle
formation, surface expression of CD62P and loseehbrane GPlb (Bergmeier et al.,
2003). The impact on the mitochondrial inner membracan be discerned by
measurements of the mitochondrial membrane poterd@nmonly performed by
measuring the uptake of cationic dyes into the chibmdria. Published data on the
behaviour of the mitochondrial membrane potenhaPC over the storage period vary,
with some studies suggesting there is little ochange whilst others report significant
decreases (Perrotta et al., 2003, Li et al., 200%h)s discrepancy extends to the
response of this parameter to the addition of galcionophore (Perrotta et al., 2003,
Albanyan et al., 2009). Alternative approaches h® tmeasurement of inner
mitochondrial membrane permeabilisation, such aditgy of the platelets with calcein
which does not normally cross this barrier, mayhelresolve some of these questions
(Kroemer and Reed, 2000). Although the physioldgicde of mitochondria has
traditionally been confined to the generation ofPATan increasing body of work has
linked mitochondria with events leading to prograedmcell death (Jackson and
Schoenwaelder, 2010). A fall in mitochondrial meart® potential has been described
as an early event during apoptosis, with a collapiséhe potential associated with
irreversible cell death (Hortelano et al., 199®9)\dstigation of apoptosis in relation to
the PSL is not as well established as the afordored parameters. However, changes
to the expression of anionic phospholipids on thetepet surface over the storage
period, as measured by the binding of fluorescdathglled annexin V, have been
reported in multiple studies. Increased bindingoiften interpreted as increased
expression of phosphatidylserine and thus as a enaok platelet activation and
procoagulant activity (Brown et al., 2000); withogressive exposure indicative of
apoptosis (Perez-Pujol et al., 2005). PS on thlesceface is also considered to be a
marker for the phagocytic removal of cells (Fadblale 1992), though it is unclear if
this forms a substantive mechanism for the clearaoic platelets after transfusion
(Bergmeier et al., 2003).
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With increasing interest on the possible role abpsis in the PSL, investigators are
adopting a wider range of assays targeting speasip@cts of the process. These include
methods for measuring caspase activity (Bertinal.et2003, Perrotta et al., 2003), the
release of intermembrane space proteins such ashtgime ¢ and the role of Bcl-2
family members (Leytin et al., 2006); with approashthat manipulate the platelet
environment with the use of inhibitors further aimiting to the understanding of the

mechanisms involved in the PSL (Dasgupta et allp20opez et al., 2007).

Platelet Recovery and Survival

In vivo measures to assess the efficacy of transfusingl@lacomponents generally
involve platelet recovery and survival studies - which autologous platelets
radiolabelled with chromium-51 or indium-111 areimtused into healthy volunteers -
or calculations of the platelet increment followiagtransfusion. Recent scrutiny of
recovery and survival methods has led to the patitio of guidelines and protocols for
the sample preparation and analysis of results tr@Biomedical Excellence for Safer
Transfusion to aid in standardisation of techniq(iBlse Biomedical Excellence for
Safer Transfusion, 2006). Limits of 66% and 50%aasoportion of values from fresh
units have been suggested as acceptable for recomed survival measures,
respectively (Murphy, 2004), and appear to be gdlyemaccepted (AuBuchon and
Snyder, 2006). Significant variability in some bktrequired factors remains, such as
estimates of blood volume and differences in theakep of transfused platelets by the
recipient’'s spleen (Holme, 2008, Aster, 1966). Aiddially, the response by
thrombocytopenic patients is likely to differ frothat in healthy volunteers, with an
apparent shortening in mean platelet lifespan oesem patients with platelet counts
below 90 x 1&L (Hanson and Slichter, 1985, de Wildt-Eggen andlison, 2003).
Corrected count increment (CCI) is the standardwbych transfusion efficacy is
clinically assessed, though parameters such astqaosfusion count and presence or
absence of bleeding are often used (Arnold et28(6). Assuming all transfused
platelets are viable, the expected increment shbal®0 x 1&L (Holme, 2008). In
practice, increments between 10 — 15 ¥l1@re more commonly seen, with increments
decreasing by 35 — 50% in day 7 platelet concasgrabmpared with fresh units
(Murphy, 2002). Levels below 7.5 x ¥0 have been regarded as constituting a failed

transfusion (Norfolk et al., 1998). In additiongtinelationship between recovery and
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survival studies and the CCI remains to be estaddigvan der Meer et al., 2010). The
above investigations also provide little information the ability of transfused platelets
to perform their haemostatic function; a factor evhimay be related to the lack of
correlation betweemn vivo studies and many of the assays used to asse$3Sithe
Nevertheless, with these limitations in mind, thevitro characterisation of platelets
stored as concentrates remains an important asp#oé determination of PC quality,
not least because of the rangerofitro assays able to be applied to the study of the
increasingly complex physiological role of platslet

ADDITIVE SOLUTIONS

Reports on the use of artificial media for the smsmon of platelets as concentrates
have been evident in the literature since the 198@xk et al., 1985). Interest has
continued due to a number of actual and purporéeetits, including:

- Increasing the volume of plasma available for foaetion. This provided the
initial impetus for the development of additivedans, and though not currently
a consideration in the UK it remains a practicaldgo many countries.

- Reducing the occurrence of non-haemolytic tranefuseactions (NHTRs). The
frequency of reactions has been reported as bet2@&9%, though moderate to
severe reactions were only noted in 2.2% of PCsfumion episodes in a
relatively recent study (Schoenfeld et al.,, 2004right et al.,, 2003).
Leucoreduction has reduced the incidence of NHT&ssed by the release of
white cell-associated cytokines such as interleékand tumour necrosis factar
(Muylle and Peetermans, 1994). Plasma proteins bawerally been implicated
in allergic reactions. The washing of plateletshwsaline or Plasmalyte-A has
been reported to reduce the incidence of reactiasshas the removal of the
majority of the plasma component (Vo et al., 208éddle et al., 1999, Azuma et
al., 2009). Studies comparing the incidence ofrgitereactions after transfusion
of PCs stored in additive solution compared to rpkashave also observed a
reduction (de Wildt-Eggen et al., 2000). Finallgmoving the plasma would
facilitate the transfusion of ABO incompatible P@nsfusions (Ringwald et al.,
2006).

— A consideration is the requirement for low plasmanaentrations in some

pathogen inactivation treatments (Williamson, 2004)
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- Of particular relevance to this study is the pasgiithat optimising the storage
media may reduce the adverse consequences of the |@&ling to a more
standardised component with an extended shelf(H@me, 1998, Sandgren et
al., 2010).

There are presently four additive solutions CE redrknd approved for use in Europe
(Cardigan, 2008). These are PAS-Il, Composol an&-RM; marketed as T-Sal
(Fenwal; Mont Saint Guibert, Belgium), Compd¥®$ (Fresenius Kabi; Bad Homburg,
Germany) and SSP (MacoPharma; Mouvaux, France), respectively. lalitauh,
PAS-IlII (marketed as Intersol; Baxter Healthcarke) is approved for use with a
pathogen reduction system (Knutson et al., 200@)iarthe only solution licensed for
use in the USA (Alhumaidan and Sweeney, 2012). Tomposition of the four

solutions is provided in table 1.1.

Table 1.1: Composition of CE marked platelet addisolutions

Composition (mmol/L)
T-Solo® Intersol®® Composol®PS® ssp'0®@

Sodium chloride 115.5 77.3 90.0 69.0

Sodium acetate 30.0 325 27.0 325

Trisodium citrate 10.0 10.8 10.9 10.8

Potassium chloride - 5.0 5.0
Magnesium

chloride.6H,0 ) 15 15

Sodium gluconate - 23.0 -

Sodium dihydrogen i 6.3 i 6.7
phosphate

Disodium hydrogen i 215 i 215
phosphate

pH 7.2 7.2 7.0 7.2

I (Hornsey et al., 2006%: (Zhang et al., 2008aj.(Sandgren et al., 201F)(Knutson et al., 2000)

Components of Additive Solutions

Gulliksson has proposed that four elements areisgguor a platelet storage media,
referred to as “cornerstones”: citrate, acetatesphate and glucose (Gulliksson, 2000).
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Indeed, some of the early studies considering tlospects of developing synthetic
media for platelet storage were based on red ogit@gulants such as CPD (citrate
phosphate dextrose). Reports suggested adequaty Stdrage of BC-PC with
suspensions of 40% CPD plasma and 60% saline kSsdin et al., 1992).

Citrate

Citrate concentrations below 8 mmolHave been associated with clotting due to
activation of coagulation mechanisms and the foinmadf fibrin (Prowse et al., 1987).
Conversely, citrate concentrations between 14-26okimwere associated with
increased generation of lactate compared with ttveel concentration (Gulliksson,
1993), suggesting low concentrations of citrateutthdoe adopted to limit lactate
production and the concomitant drop in pH. Suchlistiled to the compromise value

of approximately 10 mmol/L employed in most additsolutions (Murphy, 1999).

Phosphate

Phosphate has been postulated to have two seemuoglyadictory effects during
platelet storage, acting as a buffer whilst alsarmmting glycolysis and the production
of lactate (Ringwald et al., 2006). The stimulati@ihglycolysis is likely due to the
requirement for phosphate in the conversion of glgidehydes-3-phosphate to 3-
phosphoglycerate in the second stage of the prdGadiksson et al., 2000). A study
by Gullikson et al compared PC collected in actdaté dextrose (ACD) anticoagulant
with PAS-II against PC collected in CPD with PASaHd observed significantly lower
lactate production in the former (Gulliksson et 4897). Further studies comparing PC
in PAS-Il with PC in PAS-Ill (PAS-II with added phphate) (Hornsey et al., 2006)
confirmed the reduction in glycolysis was most Ifjkéo be due to the presence of
phosphate (Gulliksson et al., 2000). Despite thereimsed glycolysis, a phosphate
concentration of 10 mmol/L has been found to ssbipH in storage media with
minimal plasma carry-over (Shimizu and Murphy, 199e effect of phosphate on
pH may not be a simple linear relation, since nffedtnce in pH was found by
increasing the phosphate concentration from 2®tmrhol/L (Dekkers et al., 2007). As
an intricate component of adenine nucleotidesptieeence of phosphate in the storage
media may be expected to impact on the concenmisatd ATP and ADP. Lower levels

of adenine nucleotides have indeed been observibdR@ suspended in media lacking
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phosphate (Gulliksson et al., 1997, Gullikssonlgt2000). This may be a particular
consideration for media used in conjunction with BA@nticoagulant, which unlike
CPD lacks phosphate, and continues to be the pedfemticoagulant for apheresis-
collected PCs due to the ease of platelet re-sssperiFlatow and Freireich, 1966).
ComposofPS contains gluconate instead of phosphate, withattn of retaining the

buffering capacity of the medium without the in@ean lactate production.

In phosphate-containing media such as *SSRhe inclusion of magnesium and
potassium has been shown to reduce glycolysis sasvplatelet activation, with better
maintenance of pH and HSR (de Wildt-Eggen et &Q2). Gullikson et al have also
suggested that the presence dfahd Mg may allow the reduction of the residual
plasma volume in AS-containing storage media frbendurrent requirement of 30% to
20% (Gulliksson et al.,, 2002). The mechanism resjpbe for the suppression of
glycolysis is unclear and may be indirect (Zhanglet2008b). Reduced activation has
been demonstrated by lower CD62P expression andrltavels of secretory granule
contents such as RANTES, PF4 ¢xdG (Shanwell et al., 2003). As well as reduced
CD62P expression, increased concentrations of?*Mdecreased ADP-induced
aggregation as well as the binding of fibrinogeA@P-activated platelets (Gulliksson
et al., 2003). It is possible that Kgmay inhibit aggregation by altering membrane
fluidity or by influencing the formation of CAMP [®u et al., 2002). Potassium also
plays a role in maintaining the platelet membraonetemtial (Ishikawa and Sasakawa,
1987); in addition, a decrease in cytosolic conedians has been suggested to play a
role in apoptosis by stimulating cytochrome c¢ reéeand thus promoting the formation

of the apoptosome (Gogvadze et al., 2004).

Acetate

Acetate has been included in synthetic media toaactan oxidisable fuel and its
presence has been observed to decrease anaerdiilcohisen and increase oxygen
consumption (Holme, 1992). In human plasma, acaetaf@esent at very low levels,
with concentrations between 0.05 — 0.25 mmd8kutches et al., 1979). It is
metabolised via the tricarboxylic acid (TCA) cydl®em where it undergoes further
oxidation to CQ and HO (figure 1.13). When added exogenously to PCs rapidly
taken up by platelets, with reports that almost 58%onverted to COwithin ten

minutes (Holme, 1992). Studies witfCO,-labelled acetate confirmed this rapid
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turnover, with consumption rates calculated asrrBol/day/18%lts and 90% of the
metabolised acetate converted to,CAcetate also appeared to be used preferentially
by aerobic metabolism, with all the oxygen consurablé to be accounted for by the
metabolism of acetate (Guppy et al., 1990). The @ath which acetate is metabolised
to acetyl CoA may actually inhibit the oxidation ather potential fuels such as fatty
acids, since acetyl CoA suppressesxidation of free fatty acids (Murphy, 1999). A
further benefit of incorporating acetate in therate media is the removal of & n,
given that acetate is metabolised in its acid fofinis results in a buffering action
against the decrease in pH produced by glycolysis.

(A) Glucose e—p Pyruvate —g Lactate + H*
HCO,—* 1

Cy + H,0

iB) Fatty acids e Acetyl coenzyme A
H C0:

Acetate

)

Figure 1.13: Simplified schematic of metabolic pedlgs. (A) — glycolysis (B) —
tricarboxylic acid (TCA) cycle (Tynngard, 2009) (Reduced with permission, ©
Elsevier Ltd)

The presence of acetate may also have a more dicion against the generation of
lactate since acetyl CoA combines with oxaloacetateform citrate, which then
proceeds through to the TCA cycle. Citrate and Abkh inhibit phosphofructokinase,
one of the rate-limiting enzymes of the glycolyticle, thus reducing lactate formation
(Murphy, 1999). It has been postulated that, thtezaky, the presence of acetate could
provide unlimited buffering capacity for PC, as thte of acetate consumption matches
the rate of lactate production at 22°C (Murphy, 200In practice, studies have
measured reductions in bicarbonate consumptioreafly1 60% in PRP-PC suspended

in plasma with exogenously added acetate compaitd aentrols (Murphy, 1995).
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However, despite its apparent role as an oxiddtieg storage studies suggest that the
addition of acetate does not aid in the maintenasfc&TP levels during storage
(Holme, 1992).

Glucose

The final component of Gullikson’s required quaiteglucose. Metabolism of glucose
is able to proceed via either glycolysis or throtigéa TCA cycle to complete oxidation.
A study by Kilkson et al investigated the relatibipsbetween glucose consumption,
lactate production and oxygen consumption in péatebncentrates and concluded that
if glucose was the sole source of oxidisable ftle, ratio of glucose consumption to
lactate production should be 0.66. The measuredevaias 0.52 - very close to that
expected from the stoichiometry of glucose consuongdty glycolysis. The results thus
suggested that a fuel source other than glucosepwasrily responsible for oxidative
metabolism (Kilkson et al., 1984). The study aleaduded that approximately 85% of
energy generation in PC is obtained from aerobitabwism and only 15% from
glycolysis. Measurements dfCO, originating from radiolabelled glucose concluded
that only 1.4% of the glucose was entering the T&lle, corroborating Kilkson’s
earlier work (Guppy et al., 1990). These studielsttethe question of whether glucose
could be omitted from the storage media, thus megathe pH drop caused by
glycolytic lactate production (Murphy et al., 1991There were also practical
advantages in that heat sterilisation methods catlreecaramelisation of glucose at the
neutral or alkaline pH suitable for PC storage (fiald et al., 2006). However, studies
omitting glucose have resulted in loweér vivo recoveries and pooren Vitro
characteristics, including lower ATP levels durstgrage and accelerated platelet lysis;
leading various authors to conclude that glucosg fma necessary throughout the
storage period (Gulliksson, 2001, Li et al., 2008aang et al., 2008a). As seen in table
1.1, residual plasma provides the only source afcage in currently accepted

formulations.

Requirement for Plasma

Guidelines for the use of additive solutions for Btrage currently require the

incorporation of approximately 30% of autologouagpha in the suspension media. The
requirement is based on results from various seorsiydies that have concluded

residual plasma is needed to maintain plateletityual vitro (Klinger et al., 1996,
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Keuren et al., 2006), though the proportion of plasmay depend on the particular
additive solution used (Cardigan and WilliamsonQ20 A 30% carryover of plasma

will provide approximately 7.5 mmol/L of glucose #n adult dose PC with an

approximate rate of consumption of 1.0 mmol/L pay dMurphy, 1999). Thus, there

should be sufficient glucose to maintain storegliernominal 5-day storage period and
possibly 7 days. A further consideration is thefdéurig capacity provided by the

bicarbonate in the plasma, which converts the fi&€éon produced by glycolysis into

CO, and HO. The former is subsequently able to diffuse tgtothe gas-permeable

storage packs, thus stabilising the extracellutdr(pynngard, 2009). Plasma may also
provide a further source of fuel for aerobic meteno in the form of free fatty acids

(FFA) (Holmsen, 1981, Cesar et al.,, 1987). The eatration of FFA increases in

plasma with storage due to the hydrolysis of plagigéy/cerides, though there remains
some ambiguity as to whether plasma carryover wsufiply a sufficient concentration

to constitute the primary fuel source (Kilkson bt 4984, Gulliksson, 2000, Ringwald

et al.,, 2006). Studies with minimal plasma carryo{t2%) have reported decreased
HSR and discoid shape which could not be attribaitedhetabolic changes and may
instead point to plasma factors that aid in thentemance of membrane integrity
(Holme, 1992, Gulliksson, 2001).

AIMS OF THE THESIS

Two principal considerations formed the basis of ttudy:
* The hypothesis that apoptosis is a central mecimargsponsible for the changes
collectively referred to as the platelet storagole
* The investigation of this hypothesis within the kagxb setting of improving the
storage environment of platelet concentrates t@mcd the efficacy of platelets
following transfusion.
In this context, the thesis aimed to investigate titcurrence of an apoptosis-like
process during PC storage in relation to more famgarameters of the storage lesion
and the effect of different storage conditions.slaplify the environment in which the
platelets were stored, leucoreduced BC-PC suspeided synthetic medium with
minimal plasma carryover were selected as the sy$be study. This allowed for the

controlled manipulation of the storage medium wihitgnimising the possible impact
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on results of white cell metabolism and the complemposition of plasma. The role of

plasma proteins (in the form of albumin), acetatel glucose were selected for

investigation. The rationale for selecting thesestibuents for investigation was:

e Albumin: The requirement for 30% plasma carryowerd¢duce the expression of
the storage lesion may be related to the preseinglasma survival factors, with a
putative role in maintaining membrane integrity amdiucing apoptosis-related
measures such as caspase 3 activation and chamgesmbrane permeability
(Brown et al.,, 2000, Perrotta et al., 2003). Thalitwh of albumin from a
commercially available human source was thus hysitled to delay the onset of
markers associated with cell death and plateletiplison.

e Acetate: The buffering capacity of acetate may e principal reason for its
consideration as one of the essential constitudrdadditive solutions. However, its
role as an oxidisable fuel may be more ambiguou#y studies reporting an
increase in oxygen consumption but an inabilityntaintain ATP levels. Since
apoptosis is classically described as an ATP-depr@ngdrocess, the presence of
acetate in the storage medium may be expected amqte expression of the
markers of cell death, despite a decrease in &afbamation and associated fall in
pH.

e Glucose: The impact, if any, of glucose on the ap&gip markers selected for the
study may aid in determining whether the requirenienglucose throughout the
storage period apparent in various studies ise@léd inhibition of an apoptosis-
like process (Li et al., 2005a).

An initial extended storage study on BC-PC suspémdeither plasma or a 70:30 ratio

of SSP+] and plasma provided an overview of thevitro characteristics of platelets

stored as concentrates under standard conditions.

Subsequent to this series of experiments, the typmoy to collaborate with colleagues
at the School of Medicine, University Hospital of al&/s, allowed for further
investigations aimed at exploring the central hizgpets more directly. These studies
were based on the ability of platelets from Scgthddome patients to express PS on
their surface in response to a pro-apoptotic BH&atic (ABT-737). An increasing
expression of aminophospholipids on the surfaceSobtt platelets during storage,

comparable to the response from normal plateletsjdvsuggest that a mechanism akin
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to apoptosis plays a role in the PSL. The investiga were subsequently extended to
study the expression of aminophospholipids duritgyage in relation to thrombin
generation. Finally, the possibility that a BcphPotein-mediated mechanism of cell
death may be viable in stored platelets was ingattd. An acknowledged weakness of
the thesis is the lack of platelet functional assamong the suite of methods adopted,
and the option remains to undertake future stuttidsirther investigate the results in

relation to platelet function.

There is an increasing appreciation that the PSblves most if not all physiological
platelet functions (Cauwenberghs et al., 2007 )pdrticular, the concept that platelets
may undergo an apoptosis-like process during storagy contribute significantly to
the understanding of the PSL and suggest stratégigsossible manipulation of the
platelet storage environment to further improvetgi viability and efficacy post-

transfusion.
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2. METHODS

EXPERIMENTAL DESIGN

Storage characteristics of platelets stored as concentrates over an extended
storage period: comparison of PC suspended in 100% autologous plasma
versus PC suspended in a 70:30 SSP+[] /plasma medium

A minimum of 10 units from each of the two procesaere required for the study, with
sample size being derived from the current UK dings for performing an initial
evaluation of a novel blood component (James, 2008pn-paired design was adopted
to reflect the standard method of processing. Uwigse stored for 14 days, with
samples aseptically removed for testing on days 3, 6, 8, 10 and 14 - day 1 being the
day of PC preparation. The range of assays undsrtalkmed to investigate aspects of
platelet metabolism, viability, morphology, activat and apoptosis-like activity.
Details of unit preparation and assay methodology @rovided in the following
sections. For ease of reference, the assays &e helow:
Unit characteristics

Unit volume

Platelet concentration

Platelet yield

End of storage sterility and leucodepletion
Platelet Metabolism

pH (22°C or 37°C; dependent on storage medium)

P0G, (37°C)

pCQ, (37°C)

Bicarbonate levels (37°C)

Glucose levels and rate of consumption

Lactate levels and rate of production

Oxygen consumption rate (22°C)

ATP and ADP levels
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Viability and morphology measures
Mean platelet volume
Swirling
Extent of shape change
Hypotonic shock response
Platelet activation
Surface expression of CD62P (% positive and meftlimmescence intensity)
Soluble CD62P concentration
Apoptosis-like activity
Annexin V binding to platelet surface

Mitochondrial membrane potential

Storage characteristics of platelets suspended in standard additive solution:
Investigation of the impact of albumin, glucose and acetate on the platelet

storage lesion

The standard additive solution (SAS) provided teeeassary electrolytes and formed
the basis of the storage medium. The impact onplatelet storage lesion of the
addition of albumin, glucose and acetate to that&ddsolution was investigated in
three separate studies, termed simply Albumin StGdiycose Study and Acetate Study.
Each experiment within a study required the preparaof four buffy coat-derived PCs
suspended in SAS. The influence of donor variabdit platelet storage characteristics
was minimised by pooling the four platelet concates and re-splitting them into four
now identical units. “Optimal” concentrations okttwo reagents not being investigated
were also added to the medium (though as a refuéisolts obtained in the albumin
study, albumin was not added to units in the glacsd acetate studies). Four different
concentrations of the reagent of interest were éddesach of the four units. Samples
were removed aseptically for testing on days 4,38 and 10; day 1 being the day of
PC preparation and day 0 the day of whole bloobkctibn.

In addition to the tests listed above, two moreagssdesigned to determine if an
apoptosis-like mechanism was associated with tHeiaSe adopted for this series of

studies. These were:
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Intracellular calcium levels
Identification and quantitation of phospholipids d¢me platelet surface (in

collaboration with the University Hospital of Wa)es

Finally, an additional experiment was performedde&iermine the impact on platelet
storage characteristics of the processing methgolagmd to create the units for the
additive study. In this experiment, three platel@icentrates were prepared by the same
method but re-suspended in autologous plasma ohsfezdditive solution.

STATISTICAL ANALYSIS

Comparison of PC suspended in 100% autologous plasma versus PC suspended in a

70:30 SSP+[] /plasma medium

Normality was not met by some of the data grougs@the Kolmogorov-Smirnov test
for normality), therefore summary statistics aresented as the median and range in the
tables and median and interquartile rangd' @3d 75 percentiles) in the graphs.
Differences between groups were analysed by thenMeghitney Rank Sum test, with a

p value <0.05 regarded as statistically significant

Investigation of the impact of albumin, glucose anécetate on the platelet storage
lesion

Due to the small number of replicate experiment3)nn the albumin study, statistical
comparisons between the test groups were not wkagrtand the results from all three
replicates are provided in the text. Graphical @spntations of the results are restricted

to displaying the mean of the three results only.

For the glucose and acetate studies, all resudtprassented as mean + standard
deviation, with statistical comparisons undertakgm one way ANOVA. A p-value
below 0.01 was considered statistically signific&ubsequent multiple comparisons
were performed by the Holm-Sidak method, with aerall significance level of 0.05.
All graphs and statistical analysis were generatigll SigmaPlot version 10.0 (Systat
Software Inc., Chicago, IL).
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ETHICAL CONSIDERATIONS

Whole blood collections were obtained from volunteenors in the South Wales
region by established blood collection teams of \tihelsh Blood Service. The buffy
coats were surplus to the requirements of the bkmgice and were destined to be
discarded; thus, there was no impact on the seprioeided to local hospitals. Buffy
coats were initially identified simply by a donatioumber, with no donor information
appended to the units. The platelet concentratesepsed from the buffy coats were
assigned a test number unrelated to the donatiarbeu Donor anonymity was thus
ensured throughout the studies. All components wisearded following testing
according to standard operating procedures in pddbde Welsh Blood Service. The
study was reviewed and approved by the Welsh Bervice management. The South
East Wales Research Ethics Committee was approautekdtated that the proposed
study raised no ethical issues and did not recuirethics submission (March 2006 —

Appendix 1).

PREPARATION OF PLATELET CONCENTRATE UNITS

PLATELET CONCENTRATES IN 100% AUTOLOGOUS PLASMA

Background

Platelet concentrates were prepared using the methgployed at the Welsh Blood
Service for the routine processing of buffy coatided platelet concentrates. The buffy
coats were derived from the processing of wholedldonations collected into bottom
and top packs (RCB436CU2; Pall Medical, Ascolilylta The whole blood was

separated into its components within 8 hours ofectibn, with the buffy coats stored
overnight at 22 + 2°C without agitation. Four buffpats are required for the

preparation of one adult dose platelet concentrate.

Method

= Connect four ABO-specific buffy coats by means GiSCD Il sterile tubing welder
(Terumo Corporation, Tokyo, Japan). Sterile conrattELX storage pack (Pall
Medical, Portsmouth, UK) to the last buffy coat anglasma unit from one of the

four whole blood collections to the first buffy ¢oa

49



= Pool the buffy coats together into the last pading the plasma to “flush” any

remaining material from the buffy coat packs.

= Centrifuge the pooled buffy coat at 9§Qbased on a 210 mm average radius of
rotation) for an accumulated centrifugal effect @®f 1.27 x 10at 22°C (Sorvall
RC12BP; Thermo Fisher Scientific, Loughborough, UK)

= Express the platelet concentrate through the iateyutostop white cell reduction
filter (Pall Medical, Portsmouth, UK) using an Qp#ss Il blood processor (Fenwal

Europe, Mont-Saint-Guibert, Belgium).

PLATELET CONCENTRATES IN 70% SSP+[1 and 30% PLASMA

Background

Commercially available additive solutions licensedEurope for the production of
platelet concentrates require approximately 30%utblogous plasma to be retained in
the unit (Sandgren et al., 2010). The commerciditag solution selected was SSP+
(MacoPharma UK Ltd, Twickenham, UK). The selectwas based om vitro studies
that suggest platelets are adequately maintaineda iSSP /plasma suspending
medium for at least 7 days, with results compafagurably with those from other
commercial additive solutions (Ringwald et al., @0Gulliksson et al., 2002, Hornsey
et al., 2006).

Development of Method

A previous study performed at the Welsh Blood Smrvdetermined the optimal
centrifugation settings for the preparation of @let concentrates suspended in a
medium of approximately 70% plasma and 30% addisekition (Owen H., BSc
project). The study added 280 mL of additive soltfT-Sol; Baxter Healthcare Corp.,
Deerfield, IL) to four pooled buffy coats. To camfi that this would be a suitable
volume of SSPH to use, data from a study performed at the WelslodBService in
2003 that measured the volume and haematocrit eofdtly buffy coats used for the
preparation of PCs was reviewed. The mean voluntlesobuffy coats was 56.3 mL and
the mean haematocrit was 0.448 (n=68). The cakulilatean volume for plasma in the
buffy coats would thus be 31.1 mL. For plateletaanirates comprised of four buffy

coats, the total volume of plasma would be 124.3 ar 70% of the unit to be
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composed of additive solution, 291.2 mL of S&Pwould need to be added to the
pooled buffy coats. The addition of 280 mL of SEPwould thus result in a SSPHto
plasma ratio of approximately 69% to 31%. This yualged acceptable and allowed for

the use of the pre-established centrifugationregti

Method

The method outlined above for the preparation o RCL00% plasma was adopted for
the preparation of units in 70% additive solutianth the exception that 280 mL of
SSP+] was used to pool the buffy coats. SEPwas purchased from MacoPharma in
300 mL packs and the correct volume to be addeermi@ted by weight. In addition,
due to the lower specific gravity of the suspendimgdium, the centrifugation setting
used for the processing of the pooled buffy coat wagentler 55@ for 4 minutes 30
seconds at 22°C. Leucodepletion of the packs wderpged as for the units suspended

in 100% plasma.

All units were stored at 22 + 2°C on a flatbed aigit (Helmer, Noblesville, IN) under

constant agitation.

PLATELET CONCENTRATES SUSPENDED IN 100% ADDITIVE SOLUTION

Background

The series of experiments investigating the charetics of platelets stored solely in
additive solution aimed to control the suspendingdimm in order to determine the
impact of various reagents on platelet survival fumgtionin vitro. Two principles thus
guided the preparation of units; first, the remoeshlas much plasma as possible and
secondly, the successful leucodepletion of thesuiis a suspending medium, plasma
provides a complex environment for the plateletsil@rly, as white cells degrade
during storage they release substances such akimagointo the extracellular
environment which are known to adversely affectgid survival (Bordin et al., 1994).
The presence of either plasma or white cells wantithduce a significant variable and
would make it more difficult to attribute any chasgin platelet characteristics during
storage to the presence or absence of the reageet investigation.
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The formulation of the standard additive solutised as the basis of the suspending
media was provided by Pall Medical's R&D Group inovha, California. Its

constituents are as follows:

Sodium chloride 110 mmol/L
Potassium chloride 5 mmol/L
Magnesium chloride hexahydrate 3 mmol/L
Citric acid 2.5 mmol/L
Tribasic sodium citrate dihydrate 7.5 mmol/L
Sodium dihydrogen phosphate monohydrate 4 nhmol/

Total volume: 400 mL

Development of Procedure

Standard Additive Solution

The preparation of the standard additive solutioaswoutsourced to Stockport
Pharmaceuticals (Stockport, UK). The company predithe required formulation as a
single batch with a long shelf life, thus negatargpther potential source of variability
in the results. The solution was transferred frowa glass bottles in which it had been
supplied to the plastic packs using a transfer leeteddirectly connect the glass bottle
to a spare plasma storage pack.

The procedure was performed in a Biological Safégbinet Class Il (Bioquell,
Andover, UK). A port on the empty plasma pack waered and a sampling site
coupler with a needle injection site (Baxter Headite Ltd, Newbury, UK) was inserted.
The bottle was supported upside down by a retaridstind the plasma pack secured
below it with a second clamp. A sterile 16G transfeedle (Baxa Ltd, Bracknell, UK)
was used to pierce the sampling site coupler amgalck manoeuvred to allow the other
end of the needle to pierce the cap on the boftisterile venting pin (Baxa Ltd,
Bracknell, UK) was inserted into the same cap towalair displacement to push the
solution into the plasma pack (figure 2.1). Thefaras of the sample site coupler and
the bottle cap were cleaned with pre-injection ssM&SL International PLC, Durham,
UK), whilst clamps and the operator’s hands weraygd with a chlorhexidone/ethanol
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spray (Hydrex Hard Surface Spray, Adams Heathdaeds, UK). Preliminary trials of
the method confirmed that the solution remainedistduring the transfer.

Figure 2.1: Procedure for transferring SAS from mtatturer’s bottle to labile plasma
pack

The pH of the standard additive solution was 4.8jctv would be too acidic even
during the processing stage of platelet concenfredduction. The pH of the solution
was raised by the addition of sodium phosphatestib@NaHPO;,), with the aim of
achieving a pH of 7.2 (as is the case in the comialesolution SSPH). Subsequent
trials suggested a concentration of 55 mmol/L ofHNRO, would be required to raise
the pH of the SAS to approximately 7.2. To confiumether concerns about the low pH
of the additive solution would translate to low pévels in actual components, four
platelet components were individually prepared. Tumds were suspended in unaltered
SAS and the remaining two in SAS with 55 mmol/L,NBO, to compensate for the
low pH. The pH;’c levels for the former two units were 6.0 and 6whjlst for the
compensated units levels were 6.7 and 7.1. As példdelow 6.2 have been associated
with loss of platelet viability (Murphy et al., 189Gulliksson, 2001), it was decided to
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modify the composition of the SAS at the time dtplet preparation with the addition
of NgHP Q.

Processing of Platelet Concentrates Suspended in ditlve Solution

Preparation of reagents

Albumin

Zenall$20 (Bio Product Laboratory, Elstree, UK) is a 208\ solution routinely
issued by UK transfusion centres to hospitals aas selected as a cost effective source
of human albumin. The normal concentration of allbum the circulation is 3.3 — 5.2
g/dL (Boldt, 2010). Adopting 4.0 g/dL as the optincancentration; a unit volume of
300 mL would require the addition of 12 g of albamequating to a volume of 60 mL
of Zenall$20. For the albumin study, one of the four reptigaacks would thus contain
60 mL albumin, one unit would contain half this centration (30 mL) and a third unit
would contain twice this concentration (120 mL).eTlourth unit would be suspended
in SAS only. (All four units would also contain defd concentrations of acetate,
glucose and sodium bicarbonate — see below). A adetbr aseptically replacing the

correct volume of SAS with the required volume lbiuain was developed:

= Transfer the contents of three 100 mL Zefiabbottles into a single empty plasma
storage pack, using the same procedure describaek dbr the transfer of SAS

from glass bottles to a plastic storage pack.

= Sterile connect a waste pack to three of the packdgaining 400 mL of SAS.
Remove the volume of SAS to be replaced by albuestimating the volume by
weight.

= Sterile connect the pack containing albumin to eafcthe three packs in turn and

transfer the required volume of albumin.

The contents of the modified SAS packs are now ydadre-suspend the platelets

following their hard centrifugation.
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Unit identification:

The four units in each experiment were identifigcaliest number as follows:
ALB-000-nn (no albumin added)
ALB-030-nn (30 mL albumin added; equivalent to @lg/
ALB-060-nn (60 mL albumin added; equivalent to dlg/
ALB-120-nn (120 mL albumin added: equivalent to/&Lg

(In each case, nn refers to a unique test number)

Glucose
Glucose was purchased as dextrose monohydrate &SMpinich, Dorset, UK: code
D9559, molecular weight = 198.17). The initial stué@stablishing the storage
characteristics of platelet concentrates suspemd@@0% autologous plasma (study 1;
chapter 3) found the mean concentration of glue@skese units to be 15.2 mmol/L at
the beginning of storage. The “optimal” concentmatin SAS-suspended units was thus
chosen to be 15 mmol/L. This concentration was abgoected to last for the entire
storage period, as studies have shown that gludilssation rarely exceeds 1 mmol/L
per day (Murphy, 1999). Aiming for a final unit wwhe of 315 mL and the addition of
glucose in a 5 mL volume:
GVi=CiV¢
Ci x 0.005 = 15 x 19 x 0.315
Ci = 0.945 mmol/L
Therefore, 0.9364 g of dextrose monohydrate wasobtlisd in 5 mL of distilled water

to yield the optimal concentration.

Unit identification:

The four units in each experiment were identifigchb follows:
GLU-000-nn (no glucose added)
GLU-075-nn (final concentration of 7.5 mmol/L)
GLU-150-nn (final concentration of 15 mmol/L)
GLU-300-nn (final concentration of 30 mmol/L)

(In each case, nn refers to a unique test number)
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Acetate
Acetate was sourced as sodium acetate trihydraggnéSAldrich, Dorset, UK: code
S1304, molecular weight = 136.08). Exogenously ddumetate has been reported to be
metabolised at approximately 0.5 mmol/L per day @ platelets (Murphy, 1995). In
a later publication, the same author recommendat ttie optimal concentration of
acetate should be at least 2 mmol/L for each dgyaected storage (Murphy, 1999).
As the maximum storage period originally envisafpgdhis series of experiments was
14 days, this would require a concentration of 28atiL acetate to be added to the
storage media, corresponding well with the conegioin of 32.5 mmol/L acetate
present in the commercial additive solution, SSPAiIming for a final unit volume of
315 mL and the addition of acetate in a 5 mL volume
GVi=CiV¢
Ci x 0.005 = 28 x 19 x 0.315
Ci =1.764 mmol/L
Therefore, 1.2002 g of sodium acetate trihydrate digsolved in 5 mL of distilled
water to yield the “optimal” concentration.

Unit identification:

The four units in each experiment were identifigchb follows:
ACE-000-nn (no acetate added)
ACE-014-nn (final concentration of 14 mmol/L)
ACE-028-nn (final concentration of 28 mmo/L)
ACE-056-nn (final concentration of 56 mmol/L)

(In each case, nn refers to a unique test number)

Sodium bicarbonate

All units were provided with the same concentrat@nsodium bicarbonate (Sigma-
Aldrich; Dorset, UK: code S1554, molecular weighB4.01) for increased buffering
capacity. The concentration was derived from aebarof sources. First, the normal
concentration of bicarbonate in adult humans ig@pmately 25 mmol/L (Kumar and
Clark, 2009). In addition, a number of studies eatihg the storage characteristics of
platelet concentrates suspended in plasma haveunedasiean bicarbonate levels at the

start of storage between 15 — 19 mmol/L (GullikssB®00, Sweeney et al., 2006,
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Wagner et al., 2008, Hornsey et al., 2008). Finafall Medical's R&D Group
recommended the final concentration of sodium bigaate should be 20 mmol/L (S.
Holme, personal communication) and this value wdapted for all additive solution
studies. Aiming for a final unit volume of 315 mhdithe addition of acetate in a 7.5
mL volume, the final concentration of acetate reegiwas:
CVi=CGVs
Ci x 0.0075 = 20 x 1®x 0.315
Ci = 0.840 mmol/L

Therefore, 0.5293 g of sodium bicarbonate was btisddn 7.5 mL of distilled water to
yield the optimal concentration. (The slightly hegtvolume of distilled water compared

to glucose and acetate was necessary to fullylgdessioe sodium bicarbonate).

Preparation of Units

Blood services occasionally receive requests tovigeo platelet concentrates with
minimal plasma levels for individual patients. Thetocol developed by the Welsh
Blood Service for such an eventuality was modiffed the processing of platelet
concentrates in SAS and is described in detailvbelthis method was not initially

preferred because it requires that the plateleperance a hard centrifugation step
without the expected cushioning provided by theeotbellular components, likely

resulting in higher initial levels of platelet aation. However, the requirement for

leucodepleted units dictated the adoption of taisher processing methodology.

= Four ABO-specific platelet concentrates were pregpafrom buffy coats held
overnight without agitation at 22 + 2°C by the nuethpreviously described in
connection with the preparation of PC in 100% plasm

= The four platelet concentrates were sterile comukd¢d a 2 litre transfer pack

(Terumo Europe, Leuven, Belgium) and the conteatglg mixed.

= The pooled concentrates were split by weight iht four ELX packs, resulting in

four identical units. A waste pack was sterile agted to each of the four PCs.

» The four PCs were centrifuged at 246C0or 10 minutes at 22°C to pellet the

platelets (calculated from an average radius @ftian for the rotor of 210 mm).
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= The majority of the plasma was removed into thetevasick by gravity, with care

exercised to minimise the loss of platelets.

» Packs containing SAS were sterile connected tdethé packs and the platelets re-

suspended in 300 mL of SAS as soon as possibleftyegnanual mixing.

= The required concentrations of glucose, sodiumrbarzate and acetate were added
to the units aseptically in a Class Il biologicafety cabinet using sterile syringes
and 0.2 um syringe filters (Pall Life Sciences liRgton, UK).

= Units were stored on a flatbed agitator (Helmerblssville, IN) at 22 + 2°C under

constant agitation.

Figure 2.2 provides a diagrammatic summary of tleegssing method.
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Figure 2.2: PROCESSING OF PLATELET CONCENTRATES SUSPENDED IN ADDITIVE SOLUTION

4 ABO-specific PC processed in
plasma, including leucodepletion

Removal of waste plasma by gravity

4 PC pooled into 2 L transfer
pack

Centrifuge at 240@ for 10 minutes at 22°C to pellet platelets

Pooled PC re-split into four
identical units

Re-suspension of platelets in SAS
by gentle manual mixing.

(Albumin is added to required unit
at this stage)

°4

Addition of required
concentrations of glucose,
acetate and sodium

via 0.2 um syringe filter.
Storage of units at 22°C with
constant agitation

bicarbonate injected into units
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Determination of Residual Plasma
The residual plasma after PC preparation was ckilby volume in seven units from
the glucose study as follows:

» Calculate the volume of the PC pool before cergstion.

» Calculate the volume of the PC pool after centatign and after removal of the

majority of the plasma.

» Calculate the volume of the platelets (based orvtR¥) and subtract from the

above values.
» Calculate the percentage of plasma retained.

A mean percentage of 4.46 £ 1.11% of plasma wased by the method adopted.

SAMPLING FROM UNITS

The units were gently mixed and the tail strippeicé times to obtain a representative
sample without unduly damaging the platelets thhoegcessive stripping. A sampling
pouch (MacoPharma, Mouvaux, France) was asepticalhnected to the tail on the
platelet concentrate by means of a TSCD Il stéuibeng welder (Terumo Corporation,
Tokyo, Japan) and approximately 15 mL transfermednfthe unit. The sample was
subsequently dispensed into a 30 mL plastic urferontainer (Sterilin Ltd,

Caerphilly, UK) from which all further samples ftasting on the day were obtained.

DESCRIPTIVE PARAMETERS

UNIT VOLUME

Unit volume was calculated by subtracting the tamaght of the ELX storage pack
(36.6 g) from the gross weight and dividing theuteby the specific gravity of the
suspending medium. The specific gravities for theous suspending media were as

follows:
100% plasma 1.03 (Dumont, 2003)
70% plasma/30% SSP+ 1.01 (Sandgren, 2008)
100% SAS 1.00 (as water)
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PLATELET CONCENTRATION AND MEAN PLATELET VOLUME

A sample of approximately 500 — 1000 puL was tramsteinto a vacutainer containing
K,EDTA as an anticoagulant (Greiner Bio-One GmbH,rksmnster, Austria) and the
vial allowed to mix for at least 30 minutes befaralysis. Platelet concentration
(x10°/L) and mean platelet volume (MPV) were obtainethvai Pentra 80 haematology
analyser (HoribaABX Diagnostics, Montpellier, Frahc The platelet yield was

calculated by multiplying the platelet concentratlry the unit volume in litres.

RESIDUAL WHITE CELL COUNTING

Confirmation that the units had been successfeligbdepleted was obtained via a flow
cytometric assay used routinely at the Welsh BlSedvice for the quality monitoring
of the white cell reduction processes. The methugleys a kit (DNA-Prep; Beckman
Coulter, Milton Keynes, UK) that includes propidiuimdide (PI) as a nuclear stain.
Fluorospheres with a known concentration allowsohlis counting to calculate the
white cell concentration per pL. Each sample wagimed for three minutes at high
flow rate on an FC500 flow cytometer (Beckman CemltMiami, FL). Previous
validation of the assay determined a limit of quatibn of 0.2 WBC/unit.

CONFIRMATION OF END OF STORAGE STERILITY

At the end of storage period, approximately 20 mdof the unit was transferred to an
aseptically connected sampling pouch (MacoPharmayvslux, France). The sample
was equally divided between an aerobic and anaembiure bottle (Biomérieux Inc,
Durham, NC) in a Class Il biological safety cabiriBioquell, Andover, UK). The
bottles were incubated at 36°C for 7 days in adyadtmonitoring system (BacTAlert
3D, Organon Teknika Corp., Durham, NC). The uniesravretained throughout the
incubation period in order to allow for the confation of any positive results. As most
of the assays would be adversely affected by teegmce of bacteria, results from any

units confirmed to be contaminated would be rerdigad.
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MEASUREMENT OF pH AND METABOLITES

Background

Levels of metabolites were measured with an ABL708Bchemistry analyser
(Radiometer Ltd, Copenhagen, Denmark). The instniriseregularly calibrated, with
performance monitored by quality control materdéasurements are performed by the

instrument at 37°C.

The oxygen consumption rate (OCR) is a measurexyden utilisation that takes into
account the platelet concentration and the perrtigabharacteristics of the storage
pack (Kilkson et al., 1984), and was adopted asompbementary measure to the

extracellular partial pressure of oxygen.

Practical Considerations

Extracellular pH was reported at 22°C for the ed®ezh storage study with PCs
suspended in plasma or SSPto reflect the storage temperature and the terhpera
recommended for the reporting of quality monitoringthe UK Guidelines (James,
2005). The temperature correction provided by tisrument was adopted for the pH
measurements (Severinghaus, 1966), though thesene uncertainty regarding the
accuracy of this conversion factor when appliedP@s suspended in a medium other
than plasma (Cardigan et al., 2008). Due to themahvolumes of plasma in PC stored
in SAS, pH was reported at 37°C for these studRasgivald et al., 2012). Blood gases
were reported at 37°C to conform to most of thestaxy literature. By contrast, the
OCR was calculated using partial pressures of axye22 °C — the targeted storage
temperature of the components. The temperatureecn calculation for p®
provided by the biochemistry analyser was regaednsuitable for this application
since it contained a factor for a measured or asduwmalue of oxyhaemoglobin,
assuming the use of a whole blood sample. Thuscdinesction factor provided by
Kilkson et al was adopted, requiring the multiplica of the measured pGt 37°C by

a factor of 0.856 (Kilkson et al., 1984).

Due to the labile nature of blood gases, in padicpG,, measurements were acquired
as soon as possible after sampling and in all cagks two minutes of sampling, with

syringes capped during transfer to the instrument.
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Calculation of oxygen consumption rate

Based on the following calculation:

plateletcontent _ APQ,
= K(@O,)x——=
1¢° A

(Kilkson et al., 1984)

C(0,) x

where:
C(0O,) is the oxygen consumption rate (nmol/mirt/pas)
K(O,) is the capacity for @transport by the container
APG; is the partial pressure of oxygen in the atmosph@nus the partial

pressure of oxygen in the concentrate

The G transmission rate for the ELX storage pack is 2201m? day* (Pall Medical,
Covina, CA,; personal correspondence). Rearrangi@gbove equation and using kPa
as the unit for pressure:

APO, 101325
PIt concentraion (10)

C(0,) = 2201x

where:

101.325 = atmospheric pressure (kPa) (Barry aratl€h 2003)

21.3 = partial pressure of,@ the atmosphere (kPa) (21%) - used to calculate
APG;,

Calculation of Bicarbonate Levels
Bicarbonate levels were calculated based on ttaioakhip between pH, [CDand

[HCO3] described by the Henderson-Hasselbalch equation:

[HCO, ]

The first dissociation constant for carbonic ad{d,] in plasma at 37°C was employed,
with a pK; value of 6.1 (Wooten, 2003). A value for the Hemgnstant of 0.034
(Sander) was used to relate the concentration of tdGts measured partial pressure.
The concentration of bicarbonate was thus calcdlase

[HCQ, 1= pCQ, x10P"%Y x 0034
(with the partial pressure of oxygen convertedrfrbPa to mmHg by multiplying the
former by the conversion factor of 7.500638 (ABLM®&ference Manual)).
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MEASUREMENT OF ATP AND ADP

Background

The assay was developed by the Coagulation Labgratathe University Hospital of

Wales (UHW), Cardiff and modified for use with adyul microplate luminometer

(Anthos, Salzburg, Austria). The principle behirtte tassay is the ATP-dependent

oxidation of luciferin p-LH>):

D-LH, + ATP + O Luciferas »AMP + PP 49-L + CO, + LIGHT
(Holme and Peck, 1998)

The firefly luciferase-catalysed reaction generdigist in the visible range (540-600
nm), the intensity of which can be related to tbeaentration of ATP by means of a
standard line. Levels of ADP in the sample are miemkindirectly in a separate step by
first converting ADP to ATP. This utilises the fimaaction of the glycolytic pathway in
which phosphoenolpyruvate (PEP) is converted tagte, irreversibly transferring a

phosphoryl group from PEP to ADP in the process:

Pyruvate kinas
Phosphoenolpyruvate Y . Pyruvate

/Y

ADP ATP

(Courtesy of University Hospital of Wales, Cardiff)

The “native” level of ATP measured in the firstsief the assay is subtracted from the
“total” ATP level obtained in the PEP conversiorpgruvate to yield the concentration
of ADP.

Development of the Assay

Platelet concentrate samples from the buffy coatrdd process have a platelet
concentration approximately three times as higtlihasconcentration in whole blood

from a normal individual. As the ATP extraction mmed used is based on the latter, the

PC samples were diluted 1 in 3 with double-cengefii autologous plasma, resulting in
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concentrations of approximately 250 to 300 X/tLOFollowing the extraction of ATP

by ethanol, the samples were stored below -70°Grbefnalysis.

Samples were initially prepared in 12 x 75 mm pdat&st tubes and pre-diluted 1 in 10
in a Tris-EDTA assay buffer. The ATP standard ipooated in the kit was similarly
diluted. The same volume of sample and ATP standasiused in order to simplify the

calculation.

Method

Microplates

Chromalux HB high binding, high reflectivity whiteolystyrene microplates suitable
for luminescence applications were purchased froyme® Technologies (Jencons
Scientific Ltd, Leighton Buzzard, UK)

Reagents
ATP Kit SL (Biothema Luminescent Assays, Handen &mwe Distributor: Labtech
International, Ringmer, UK: code LAB-144-041).

Kit comprises:
ATP SL reagent (containing D-luciferin, luciferaség?*, inorganic
pyrophosphate and bovine serum albumin)
ATP standard at a concentration of°Ifiol/L ATP
Tris-EDTA buffer
Phosphoenolpyruvate (PEP) (Sigma-Aldrich, Dorsét; tbde P7002)
Pyruvate kinase from rabbit muscle, Type VII (Sig&idrich, Dorset, UK: code
P7768).
Bovine serum albumin (BSA) (Sigma-Aldrich, Dordgk: code A7030).
Magnesium acetate tetrahydrate (Merck, Darmstagitin@ny: code A712419 628)
Potassium acetate (Sigma-Aldrich, Dorset, UK: c28i@497)
Tris (hydroxymethyl) amine (VWR International, PepUK: code 103154M)
Acetic acid, glacial (Fisher Scientific, Loughboghy UK: code A/0406/PB08)
Ethylenediamintetraacetic acid (EDTA) disodium $8MVR International, Poole, UK:
code 100933T)

Triton X-100 (Sigma-Aldrich, Dorset, UK: code T9284
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Ethanol, absolute (Sigma-Aldrich, Dorset, UK: c@2880)

Preparation of Reagents

Disodium EDTA: 0.1 mol/L solution in 0.9% NacCl.

Triton X-100: 10% (v:v) in 0.9% NacCl (Viscous fluigipette slowly and allow to
dissolve overnight at ambient temperature).

Magnesium acetate: 0.1 mol/L solution in distilledter.

Potassium acetate: 0.1 mogelution in distilled water.

Assay buffer (Tris-EDTA buffer)

» Dissolve 1.2114 g of Tris (0.1 mol/L) and 0.0744fgeDTA (0.002 mol/L) in 100
mL of distilled water

= Adjust pH to 7.75 with glacial acetic acid.

= Prepare on the day of assay and discard any excess.

BSA buffer
= To 10 mL of assay buffer add 0.01 g of BSA

»= Prepare on the day of assay and discard any excess.

PEP stock solution; 100 uM
= Add 0.0117 g to 500 pL of distilled water.

» Prepare on the day of assay and discard any excess

PEP working solution

= Prepare just before use as follows:

100 uM PEP stock solution 50 uL
Magnesium acetate, 0.1 M 1.250 mL
Potassium acetate, 0.1 M 0.750 mL

Pyruvate kinase
= Prepare a 1 in 10 dilution using BSA buffer (10 neuired per sample).

ATP-SL reagent

= Add the entire contents of the diluent vial to thephilised reagent. Protect from
light. (On the advice of colleagues from UHW, tleeonstituted reagent was stored
for a maximum of three days at 2 — 8°C).
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ATP Standard
= Prepare a 1 in 10 dilution in Tris-EDTA buffer tdaal volume of 10 mL. Protect
from light. Discard excess.

ATP Extraction

= Prepare a 1 in 3 dilution of the platelet concertma double-centrifuged autologous
plasma to yield an approximate platelet concemtmasif 300 x 18/L.

» Pipette 500 pL of diluted sample into two labeléegovials (one vial to be retained
as a spare).

= Add 50 pL of 0.1 mmol/L EDTA and 50 pL of 10% TniteX-100.

= Vortex for a few seconds and add 500 pL of absadthanol.

= Vortex for a few seconds. Incubate the vials fortd 30 minutes at 2 — 8°C before

storing below -70°C.

Assay

= Thaw samples at 37°C in a waterbath.

= Centrifuge at 200@ for 15 minutes at 4°C. Decant the supernatant antabelled
tube.

= Prepare 1 in 10 dilution of the supernatant, usisgpy buffer as the diluent.

» Prepare two tubes per sample and a pair of blanksllaws:

Tube A Tube B Blank Blank + PK
Pre-diluted
10pL 10 L / /

sample
Assay buffer 400pL 400 pL 410puL 410 uL
PEP working

, 40 pL 40 pL 40 pL 40 pL
solution
Pyruvate kinase / 10puL / 10pL

» Incubate for 30 minutes at ambient temperaturéendark.
» Dispense 230 pL of “Blank” in position Al of a miglate and 230 pL of “Blank +
PK” in position A2.
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» Dispense 230 pL of “tube A” for the first sampletcanB1l and 230 pL of the
corresponding “tube B” in position B2.

= Follow the pattern with any remaining samples. Lt plate into the luminometer.

General Operation of the Luminometer
Set the operating temperature of the instrumeB6f&. The input line from dispenser 1
is secured in the ATP-SL reagent whilst the inm# from dispenser 2 is secured in the
ATP standard. Prime the Hamilton dispenser threegiand insert the output lines from
both dispensers into their corresponding aperturegbe luminometer. Dispenser 1 is
programmed to dispense 25 pL of ATP-SL reagentromidial measurement run, with
dispenser 2 dispensing 5 pL of ATP standard onfaHewing run. Sixty points are
measured over a one minute period, with the peagity of light emitted comprising
the reportable value. Four peak measurements &aeeld per sample:

Al: No pyruvate kinase added

A2: No pyruvate kinase added; ATP standard added

B1: Pyruvate kinase added

B2: Pyruvate kinase added; ATP standard added

Calculation:
ATP standard is provided in the kit at a conceitrabf 10° mol/L of ATP. The final
volume dispensed into the microplate following ségreparation is 255 pL + 5 pL of

ATP standard. Therefore, the concentration of steshch the microplate well is:

255/5 =51
10°/51 = 1.96 x 10 mol/L
Calculation of the blank:

Blank = Blankl x 196

(Blank2 - Blank)

ATP concentration (x10):

(L X 1.96] - Blank
(A2- AL)
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ATP (umol/16”platelets):
ATP x 10° x 10 = ATP x 10 = ATP pumol/L
Convert platelet concentration from“li0to 10'/L
Divide ATP concentration (umol/L) by platelet cont@tion (x 108" platelets)

Total ATP concentration as measured by the additibpyruvate kinase in tube B is
obtained as above using the appropriate peak nerasuats from tube B and the blank
containing pyruvate kinase.
ADP concentration (umol/tplatelets):

Total ATP — ATP

HYPOTONIC SHOCK RESPONSE

Background

The hypotonic shock response (HSR) assesses ity abplatelets to recover from the
addition of a hypotonic solution to the suspendmgdium. Metabolically viable
platelets with intact membranes are able to extthdexcess water, in conjunction with
K™ and Clions, in an ATP dependent process (VandenBroeké, 62004, Okada et al.,
2001). The osmotic swelling caused by the uptakeaitr by the platelets results in a
lowering of the refractive index of the plateletadaa related increase in light
transmission. The effect is reversed as healthielets resume their normal volume.
This change in light transmission can be measurighl avplatelet aggregometer. The
initial decrease in transmission following the dabehi of a volume of distilled water is
measured. After a four minute incubation at 37°Ghwgonstant stirring the light
transmission is measured again and the percenemgeary to the hypotonic shock is
calculated as follows (see figure 2.3):

Y' x100

HSRrecovery (%)= ——
Y=y 5gs

(modified from Holme, 1998)
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¥ (4 min)

e

Figure 2.3: Diagram illustrating the expected chatitput for the hypotonic shock
response (Holme et al., 1998) (Reproduced with sion, © John Wiley and Sons)

where,
Y = Initial decrease in light transmission
Y’ = Light transmission after 4 minutes (Lighttiamission after 1 minute not used)

PBS = Light transmission through sample contaifBg instead of water (to
compensate for the effect of diluting the sample)

Development of the Assay

The HSR assay in use at the Pall Medical Blood €asiag R&D Group in the United
States was adopted for this study following a visitthat laboratory in 2006. The
method used an SPA-2000 aggregometer (Chrono-Loavettbwn, PA) which
performs the calculations automatically; howeverghart recorder is also needed to
provide a visual record of the reaction and allbe dperator to determine if the kinetics

of the response are acceptable.

Some points to note include:
» The assay was performed in duplicate, and if th&® H&coveries varied by more
than 10%, the assay was repeated to provide a tégult. The mean of the two

closest values was reported as the percentageamscov

= Autologous platelet-poor plasma was used as theplgardiluent, following
published recommendations for its use in preferaiocédB plasma or additive

solution (VandenBroeke et al., 2004).
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Method

Reagents

Phosphate buffered saline (PBS), pH 7.4 (SigmaigiidiDorset, UK: code P-4417)
HEPES (VWR International Ltd, Lutterworth, UK: codé1485H)

Distilled water

Preparation of reagents

Phosphate buffered saline:

Dissolve 1 tablet of PBS in 200 mL of distilled wat Store at 2 — 8°C for up to 6
months — discard if there are visible signs of aarihation.

HEPES buffer (1 mol/L):

Dissolve 2.383 g of HEPES in 10 mL of distilled watStore at 2 — 8°C for up to 6
months — discard if there are visible signs of aarihation.

Preparation of platelet sample and platelet- podagma (PPP)
HEPES buffered platelet poor plasma (PPP):
Double centrifuge approximately 12 mL of autologmessma at 2009 for 10 minutes
at 22°C. Dispense 10 mL into a universal and add (5 of HEPES buffer (final
concentration 15 mmol/L).
Platelet concentrate sample:
Require 7 mL of sample with a platelet concentratid 300x 10°/L; therefore, in 7
mL, aiming to contain 2108 1¢° platelets. Example:

PC with a concentration of 126410°/mL platelets

2100/1264 = 1.661 mL of PC sample required in
7.000 — 1.661 = 5.339 mL of HEPES-buffered PPP

Assay

= Switch on SPA-2000 aggregometer. Ensure temperasuB8y = 1°C before use.
Place toggle switch on HSR.

=  Warm distilled water and PBS in a 37°C waterbath.

* Pipette 50QuL of HEPES-buffered PPP into a microcuvette corntgra stir bar and
place in the well marked “PPP”.

» Pipette 50QuL of pre-warmed, diluted platelet concentrate sampto each of four

microcuvettes containing stir bars. Place in th&C3incubation wells.
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» Press STEP and insert one of the samples into BRP” well following the
instrument’s directions. Press STEP again.

= When the instrument prompts for the addition of P&&ly inject 250uL of pre-
warmed PBS into the sample and press STEP oncedrataly.

= When the instrument prompts for a new sample, rentbe PBS-diluted sample and
insert a second PC sample into the “PRP” test arellpress STEP once.

= When the instrument prompts for the addition ofewatirmly inject 250uL of pre-
warmed distilled water into the sample microcuvettd press STEP once.

» The aggregometer will automatically calculate amuhtpthe %HSR after a four
minute recovery period.

= Repeat the procedure to obtain a duplicate reBnKure the results are within 10%
of each other. If not, repeat the assay.

= Report the mean of the replicate results.

EXTENT OF SHAPE CHANGE

Background

Addition of ADP to a suspension of platelets unablaggregate due to the presence of
EDTA results in a decrease in light transmissiorodgh the sample which can be
measured with a platelet aggregometer. This phadtieredfect is generally attributed to
a disc to sphere transformation by healthy pladeletresponse to the weak agonist.
Platelets that have already changed to a sphddoal as a result of insult, including
prolonged storage, cannot undergo further shapegeh@/andenBroeke et al., 2004).
The percentage decrease in light transmission us tielated to the proportion of
platelets with a normal discoid morphology in th@imal sample and provides a more
objective measure of platelet morphology than ligiitroscopy (Murphy et al., 1994).
The derivation of the calculation for the extentsbhpe change is as follows (Holme et
al., 1998):

where,
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X = % transmission of platelet poor plasma (PPP)
Y = % transmission of platelet rich plasma (PRP)

A = maximum decrease following shape change

Conversion of the percentage of transmission tmeton is provided by
E = -log(T%/100)
Therefore,
Eppp= -l0g(X/100)
Eprp= -l0g(Y/100)
Eshape change -10g[(Y-A(X-Y))/100]
ESC = (Enape change- EPrP100%/(Eorp— EppR

Development of the Assay
The extent of shape change (ESC) assay used tlom@tog SPA-2000 aggregometer.
The %ESC was calculated automatically by the imsémnt, with a chart recorder also

providing a graphical representation of the rearctio

Method

Reagents

Phosphate buffered saline (PBS), pH 7.4 (SigmaiélidiDorset, UK: code P-4417)
Adenosine diphosphate (ADP) (Sigma-Aldrich, Dorg#{; code 01905)
Ethylenediaminetetraacetic acid (EDTA) disodiumt s@WWR International Ltd,
Lutterworth, UK: code 443882G)

HEPES (VWR International Ltd, Lutterworth, UK: codé1485H)

Preparation of reagents

Phosphate buffered saline:

Dissolve 1 tablet of PBS in 200 mL of distilled wat Store at 2 — 8°C for up to 6
months — discard if there are visible signs of aarihation.

ADP (1 mmol/L):
Dissolve 0.0043 g ADP in 10 mL of PBS. Pipette 20@liquots into labelled cryovials
and store below -60°C for up to 6 months
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EDTA (0.1 mol/L):

Dissolve 3.722 g of EDTA in 100 mL of distilled veat Store at 2 — 8°C for up to 6
months — discard if there are visible signs of aarihation.

HEPES buffer (1 mol/L):

Dissolve 2.383 g of HEPES in 10 mL of distilled watStore at 2 — 8°C for up to 6

months — discard if there are visible signs of aarihation.

Preparation of platelet sample and platelet- podagma (as for HSR assay)

The same sample prepared for the HSR assay casebdar the ESC assay.

Assay

= Switch on SPA-2000 aggregometer. Ensure temperasuB8y = 1°C before use.
Place toggle switch on ESC.

* Pipette 50QuL of HEPES-buffered PPP into a microcuvette conmtgra stir bar and
place in the well marked “PPP”.

= Pipette 50QuL of pre-warmed, diluted platelet concentrate sampto each of two
microcuvettes containing stir bars. Place in th&C3incubation wells.

» Press STEP and insert one of the samples into BRP* well following the
instrument’s directions. Press STEP again.

= When the instrument prompts for the addition of EDTirmly inject 10 uL of
EDTA into the sample and press STEP once immegliatel

= When the instrument prompts for the addition of ABRNly inject 10uL of ADP
into the sample microcuvette and press STEP onoeeiately.

= The aggregometer will automatically calculate ardtghe %ESC.

» Repeat the procedure to obtain a duplicate relSnlure the results are within 5% of

each other. If not, repeat the assay and reporntan of the two closest results.

SURFACE CD62P EXPRESSION AND ANNEXIN V BINDING

Background

CD62P is an adhesion molecule stored indfgranules of platelets and expressed on
the platelet surface following activation (Berget a&., 1998). An anti-CD62P
monoclonal antibody conjugated to a fluorescent alfj@ws for the identification and

quantitation by flow cytometry.

74



Annexin V is a glycoprotein with a high binding iafty for negatively charged
phospholipids in the presence of calcium ions (&iek al., 2009). These lipids include
phosphatidylserine (PS) and phosphatidylethanolam(RE) which are normally
preferentially found on the inner leaflet of thatelet membrane. Failure of the calcium
and ATP-dependent processes that maintain this rasymt distribution results in
translocation of the phospholipids to the outefié&@aAddition of exogenous annexin V
conjugated to a fluorescent dye is able to binthéonegatively charged phospholipids
on the platelet surface and allow for the monitgrof this phenomenon throughout

storage (Dachary-Prigent et al., 1993).

Development of the Assay

The assay combines the measurement of the surkacession of CD62P and annexin
V binding and was initially developed by the WeRlood Service in collaboration with
Beckman Coulter as part of an MSc project invesitigathe effect of bacterial
contamination on platelet activation (Pearce N, Md8ygect). The assay uses annexin V
bound to fluorescein isothiocyanate (FITC) providesl a kit that also includes a
concentrated buffer solution incorporating *Caions. Anti-CD62P bound to
phycoerythrin (PE) was purchased separately. Fhoerece was detected on the FL1
and FL2 detectors, respectively, of an FC500 flgtometer (Beckman Coulter, Miami,
FL). Platelets were identified on their scatterrelcteristics using the automatic gating
function provided by the FC500 to avoid operatoriakility. Although the option to
use the largest gate was selected (excluding 0.1%the population), it is
acknowledged that by using this approach, platfélegments and platelets with
abnormal morphology which could express surface ZFD&nd/or aminophospholipids,
and may thus be of biological importance, coulcekeluded from the analysis. Though
this limitation was expected to be more evidentsamples from older units, the
software proved flexible enough to deal with thamde in morphology occurring in the

majority of the population, as illustrated in figu2.4.
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Figure 2.4: Scatter characteristics of events frghacose study. Example taken from
unit with no added glucose and comparing the scatfearacteristics on day 2
compared to day 10. Discriminator is set at 2 amfard scatter

A separate tube using anti-CD61 conjugated to P@8& wsed to verify that the
population identified on scatter comprised predantty of platelets. (A separate tube
was employed as a verifier as it was suspectedttieaCD61 antibody was interfering
with the binding of the anti-CD62P and resulting anlower estimation of surface
CD62P. A similar approach was recently described\lnanyan et. al (Albanyan et al.,
2009). In addition to determining the percentageplatelets expressing CD62P and
binding to annexin V, the assay provides a measitee degree of surface expression
per platelet by means of the mean or median fleerese intensity. The mean
fluorescence intensity was used for the bindinganhexin V as there was a clear
separation between negative and positive eventoBirast, the expression of surface
CD62P was not clearly defined and thus the mediaonrdscence intensity was
preferred (figure 2.5). The regions used to idgnpibsitive events were positioned for
each individual assay by means of isotypic contmlth the region set to include 1% of

negative events.
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Figure 2.5: Comparison of single parameter histaggillustrating surface expression
of CD62P and annexin V binding on day 10 platelghscose study)

During the initial development phase, the finalts@nd gains chosen for the assay were
transferred to a separate protocol. Fluorosphdtlesv(Set; Beckman Coulter, Milton
Keynes, UK) acquired through this protocol wereduse set targets identifying where
the Flow-Set fluorospheres were expected to fathwsubsequent applications of the
protocol. Performing the Flow-Set protocol priorthe assay thus allowed confirmation
that events will fall within the expected regiofifie samples were not fixed; therefore,
the assay was performed as quickly as possiblariomse any extraneous activation of
the platelets.

Assay

Reagents

Annexin V-FITC kit (Beckman Coulter, Milton KeynedK: code IM3546)
Annexin V buffer (10x) (Becton Dickinson, OxfordKUcode 556454)
CD61-PC7 (Beckman Coulter, Milton Keynes, UK: coMB716)
IgG1-PC7 (Beckman Coulter, Milton Keynes, UK: cat8¥662)
CD62P-PE (Beckman Coulter, Milton Keynes, UK: ctild 759U)

IgG1 (Mouse)-PE (Beckman Coulter, Milton Keynes,:l¢kide A07796)
IgG1 (Mouse)-FITC (Beckman Coulter, Milton Keynél: code A07795)
Flow-Set fluorospheres (Beckman Coulter, Milton Key, UK: code 6607007)
PC7 Setup kit (Beckman Coulter, Milton Keynes, W¢de 737664)
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Preparation of Reagents
Annexin V Buffer (1x):

Dilute 1 volume of 10x annexin V buffer with 9 vohes of distilled water. (In the

procedure this is simply referred to as AV buffer.)

Preparation of Samples

The final platelet concentration required for tissay is approximately 5 x 4 platelets.

The sample volumes required are listed in Table 2.1

Table 2.1: Required volumes to provide a platetetoentration of 5x18platelets

Platelet concentration Volume of platelet concentrate require
(x10°/L) (L)
1000 5.00
900 5.55
800 6.25
700 7.14

Samples with a platelet concentration greater th@d0 x 18/L would require a

preliminary dilution.

Procedure

= Seven test tubes are required:

1 — Dilution of sample for verifier tube
2 — Controls preparation
3 — Verifier preparation
4 — Test preparation
5 — Controls
6 — Verifier
7 - Test
» Pipette the required volume of platelet concentiatike bottom of tubes 1, 2 and 4.
= Make up the volume of tube 1 to 25 pL with AV bufend transfer 5 pL to the
bottom of tube 3.
= Pipette 20 pL of IgG1-FITC, 20 uL of IgG1-PE and 1D of IgG1-PC7 to the
bottom of tube 2.
= Pipette 10 pL of CD61-PC7 to the bottom of tube 3.

= Pipette 20 pL of CD62P-PE to the bottom of tube 4.
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= Gently mix all three preparation tubes and incubatéhe dark for 15 minutes at
ambient temperature.

= Dispense sufficient AV buffer to increase the votuof tube 4 to 100 pL. Transfer
10 pL to the bottom of tube 7 (test). Add 90 uLAd buffer followed by 1 pL of
annexin V-FITC. Incubate in the dark for 15 minué¢smbient temperature.

» Dispense sufficient AV buffer to increase the vouof tube 2 to 100 pL. Mix and
transfer 10 pL to the bottom of tube 5 (controls)l add 491 pL of AV buffer.

= Pipette 5 pL of AV buffer to tube 3. Mix and traesfLO pL to the bottom of tube 6
(verifier) followed by 491 pL of AV buffer.
Tubes 5 and 6 can remain with tube 7 until theHastfinished incubating.

= After the second incubation, add 400 pL of AV buti@tube 7.

= Acquire immediately on the flow cytometer.

SOLUBLE CD62P LEVELS

Background

A solid phase enzyme-linked immunosorbent assayl3E). was selected for the

measurement of soluble CD62P (sCD62P) in the sapamh of platelet concentrates.
The 96-well plates are pre-coated with a monoclanéibody specific for sSCD62P. The
intensity of the colour reaction is proportionalttee level of SCD62P in the sample,
with levels quantified against a line generatedtseries of standard provided in the kit

by the manufacturer.

Development of the Assay
The kit was used according to manufacturer’s isions. The sensitivity of the assay

is quoted by the manufacturer as typically less & ng/mL.

Assay

Reagents

Human soluble P-selectin/CD62P immunoassay (R&DteBys Europe; Abingdon,
UK; code BBEG)

[includes sCS62P 96 well microplate, sSCD62P staigjasCD62P control, sCD62P
conjugate, conjugate diluent, sample diluent, wasifer concentrate, substrate and stop

solution]
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Preparation of Standards/Samples

Standards and Control:

Reconstitute all standards with 1 mL of distilledter — no further dilution required.
Reconstitute the control with 500 pL of distilledater. Subsequently, dilute the
reconstituted control 1 in 20 with sample diluent.

Samples:

Thaw frozen samples in 37°C waterbath and prepame 20 dilutions with sample
diluent.

Procedure

[All standards, samples and controls are assayddpiicate and the mean of the two

results reported]

= Add 100 pL of standards, samples and control th @adl on the microplate

= Add 100 pL of conjugate to each well. Cover andibate the plate for one hour at
ambient temperature.

= Aspirate and wash the plate three times with dilwtesh buffer. Blot the plate dry
after the final wash to remove any excess fluid.

= Add 100 pL of substrate to each well. Incubateplae for 15 minutes at ambient
temperature.

= Stop the colour reaction with 100 pL of acid stofuson.

= Measure the optical density of each well on a Speldtmicroplate reader (Tecan
UK Ltd, Reading, UK), using 450 nm as the primagwelength with a correction
filter set to 620 nm.

The software automatically calculates the concéntraf soluble CD62P based on the

standard line.

COMPOSITION OF EXTERNALISED PHOSPHOLIPIDS ON THE PLATELET
MEMBRANE AS MEASURED BY MASS SPECTROMETRY

Background
The School of Medicine at Cardiff University hasrdi®ped a method for detecting and
guantifying specific aminophospholipids externalisen the platelet membrane using

mass spectrometry (MS). The procedure involveslliageof the externally expressed
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phospholipids with a cell-impermeable biotinylatimmagent - sulfo-NHS-biotin — with
L-lysine used to quench any excess biotin. Lipidsextracted using a solvent mixture
of acetic acid, isopropanol and hexane, with theld suspended in the hexane layers.
The hexane layers are dried under nitrogen flow amalysed for PE- or PS-esterified
12S-hydroxyeicosatetraenoic acids @BRETES) on MS/MS spectra (Thomas et al.,
2010, Zhang et al., 2002) at the apex of peaksirddaduring liquid chromatography
separation. 12-HETE is an eicosanoid derived froatladonic acid by the action of
12-lipoxygenase, with the esterified form ofSEHETE generally retained on the cell
membrane. Four 2HETE-PE structures and oneSRETE-PS were identified based
on the mass/charge ratio of characteristic daughtes (figures 2.6 and 2.7). Internal
standards, in the form of 10 ng of 12(S)-HET&-dnd 10 ng of di-14:0-
phosphatidylethanolamine (DMPE), were included imi of sample containing &
10¢® platelets per mL to allow for the quantitation piospholipids on the platelet

surface.

i o cha

o HO

MW = 783.6. 18:0a / 12-

Figure 2.6: Structures of four 12-HETE-PE presenpiatelets (courtesy of C Thomas;
School of Medicine, Cardiff University)
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Figure 2.7: Example of fragmentation pattern forHIETE-PE (courtesy of C Thomas;
School of Medicine, Cardiff University)

Development of the Assay

Total lipid extraction and separation of the hexémgrs was performed at the Welsh
Blood Service following the method provided by B&hool of Medicine. The drying of
the hexane layers under nitrogen flow was performedhe School of Medicine,
University Hospital of Wales. Sample preparatiod atorage was undertaken in 10 mL

borosilicate glass tubes (Fisher Scientific UK Utdughborough, UK).

Assay

Reagents

Acetic acid (HPLC grade) (Fisher Scientific, Loughtugh, UK: code A/0406/PB08)
Propan-2-ol (HPLC grade) (Fisher Scientific, Lougtdugh, UK: code P/7508/17
Hexane (HPLC grade) (Fisher Scientific, LoughbolgudK: code H/0406/17)
Sodium chloride (VWR International Ltd, LutterwortdK: code 102414J)
Sodium bicarbonate (Sigma-Aldrich, Dorset, UK: c&ldb54)

Potassium chloride (Sigma-Aldrich, Dorset, UK: cét911)

Disodium hydrogen phosphate (Sigma-Aldrich, Dorsi; code 56814)
Magnesium chloride (Sigma-Aldrich, Dorset, UK: cdd2670)

HEPES (VWR International Ltd, Lutterworth, UK: cod41485H)

D+-Glucose (Sigma-Aldrich, Dorset, UK: code G8270)

12(S)-HETE-d8 (Cayman Chemical, Ann Arbor, Ml : edgB4570)

DMPE (Axxora UK Ltd, Nottingham, UK : code ALX-30037)

Tin (1) chloride (Sigma-Aldrich, Dorset, UK: cod®94722-10G)

L-lysine (Sigma-Aldrich, Dorset, UK: code L5501-5G)

EZ-Link Sulfo-NHS-Biotin (Fisher Scientific, Lougbbough, UK: code 21217)
Chloroform (Sigma-Aldrich, Dorset, UK: code C2432)

Methanol (HPLC grade) (Fisher Scientific, Loughhayb, UK: code M/4056/15)

82



Reagent Preparation
TYRODE'S BUFFER (in 200 mL distilled water)

Sodium chloride (NaCl) 134 mmol/L
Sodium bicarbonate (NaHGD 12 mmol/L
Potassium chloride (KCI) 2.9 mmol/L
Disodium hydrogen phosphate (Rd°Oy) 0.34 mmol/L
Magnesium chloride (MgG) 1 mmol/L
HEPES 10 mmol/L
Glucose 5 mmol/L

Final pH: 7.4 (adjust with 2.5 mol/L NaOH).
STORAGE: Store at 2 — 8°C for 1 month

ACID-CITRATE-DEXTROSE (ACD) (in 50 mL distilled wat)

Trisodium citrate 85 mmol/L
Citric acid 65 mmol/L
Glucose 100 mmol/L

STORAGE: Store at 2 — 8°C for 1 month

TYRODE'S + ACD
Combine Tyrode’s buffer and ACD in a 9:1 (v:v) oagirior to use.

SOLVENT MIXTURE
[1M acetic acid/prpan-2-ol/hexane at 2:20:30, Wv/v

Acetic acid 1M 4 mL
Propan-2-ol 40 mL
Hexane 60 mL

STORAGE: Store at ambient temperature for 3 months.

TIN Il CHLORIDE (SnC}), 100 mmol/L
Dissolve 0.0190 g of Sngdh 1 mL absolute ethanol.
STORAGE: Store at 2 — 8°C for 3 months.

1.5662 g
0.2016 g
0.0432 g
0.0097 g
0.0407 g
0.4766 g
0.1802 g

1.2499 g
0.6243 g
0.9008 g
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DMPE (10 /4 required per sample - Purchased as 50 mg whitedeo)

Dissolve 1 mg (0.0010 g) in 1 mL chloroform to yiedtock concentration of £ 10°
ngiuL. Dispense approximately 20L into glass microvials and store below °Z0
When required, thaw a vial of the stock solutiord atilute 1 puL with 600 pL
chloroform and 40QuL methanol to yield concentration of 1 pg/

[Final dilution is a chloroform:methanol ratio ofl4(v:v)]

STORAGE: Store vials of stock solution below *Z0for 6 months. Do not re-freeze

thawed vials.

12(S)-HETE-dgPurchased as 2pg in 25044 acetonitrile)

Dilute 5 pL of 12(S)-HETE-d8 in 393uL of chloroform plus 10QuL of methanol to
yield a final concentration of 1 ngL.

STORAGE: Reagent as bought — 2 years atG2@orking solution — discard on day

of the assay

L-LYSINE (50 mmol/L)
Dissolve 0.0366 g in 5 mL of distilled water.
STORAGE: Store at 2 — 8°C for 3 months.

Lipid Extraction

= Centrifuge 1 mL of platelet concentrate at @J¥@r 10 minutes at 22°C.

» Discard the supernatant and re-suspend the pelleapproximately 2 mL of
Tyrode’s/ACD buffer. (Re-suspension may requiretigemixing with a disposable
pipette).

= Centrifuge the re-suspended platelets at @®0r 10 minutes at 22°C. Discard the
supernatant and re-suspend the pellet in Tyrod€B/Abuffer to a platelet
concentration of % 1¢ platelets per mL.

= Pipette 1 mL of the platelet suspension into alladel0 mL glass vial and add
0.0015 g of sulfo-NHS-biotin. Incubate for 10 miesitat ambient temperature.

= Quench any excess biotin by addingidl0of 50 mmol/LL-lysine and incubate for
10 minutes at ambient temperature.

= Add 10 puL of 100 mmol/L tin (II) chloride to reduce the hggeroxide to their
corresponding stable alcohols and incubate for itiutas at ambient temperature.
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= Add 2.5 mL of solvent mixture to extract the lipids

= Add 10puL of 12-HETE-d8 followed by 1@L of DMPE as standards. Vortex and
add 2.5 mL of hexane.

= Vortex and centrifuge at 3Gpfor 5 minutes at 4°C.

= Recover the hexane (upper) layer containing theaetdd lipids into a labelled 10
mL borosilicate glass vial.

= Add an equal volume of hexane to the remaining aasiesolution, vortex and re-
centrifuge at 36@ for 5 minutes at 4°C.

= Combine the hexane layers and store below -70°T tuatisport in dry ice can be

arranged to the School of Medicine.

MITOCHONDRIAL MEMBRANE POTENTIAL

Background

Changes in mitochondrial membrane potentiad¥ih) were detected flow
cytometrically using the fluorescent cationic dye-1 (5,5,6,6-tetrachloro-1,1',3,3’-
tetraethyl-benzimidazolylcarbocyanine iodide). JCedists as a monomer at low
concentrations, with an emission maximum of 529 wh.higher concentrations it

forms red-fluorescing J-aggregates with an emissiarimum of 590 nm.

The membrane potential determines the concentraifodC-1 in the mitochondrial
matrix, with passage of the dye through the inngochondrial membrane eased with
higher (more negative) potentials. The resultinguatulation of JC-1 promotes the
formation of J-aggregates. Depolarisation of thentm@ne results in a decrease in the
concentration of JC-1 in the matrix, favouring tieeention of the green-fluorescing
monomeric configuration. A loss of membrane potdntiuring platelet storage will
thus be evident as a decrease in the red-greeredicence ratio (Verhoeven et al., 2005,
Li et al., 2005b).

Development of Assay

The adoption of a platelet concentration of 30 ¥11@nd an incubation of 20 minutes
at 37°C stemmed from the optimal conditions suggkbl Verhoeven et.al (Verhoeven
et al., 2005). T-Sal platelet additive solution (116 mmol/L sodium daide, 10

mmol/L sodium citrate, 30 mmol/L sodium acetate, pi2) was used as the sample
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diluent. Precedent for the use of an additive smhutin this context was set by
Verhoeven et.al with the use of Composol-PS (Flieserkabi, Bad Homburg,
Germany). JC-1 was purchased in powder form (5 mA§er consultation with the
manufacturer, it was decided to prepare 5 mmolkclstsolutions of the dye in
anhydrous dimethyl sulphoxide (DMSO) and store #hguots below -30°C until

required.

Repeatability of the assay was determined usingnimidually prepared samples from
a six-day old apheresis platelet concentrate, iyigld coefficient of variation of 2.41%.
Baseline levels for the assay obtained from 27 dme-old apheresis platelet
concentrates resulted in a range for the red/gfeemescence ratio of 4.49 — 6.32.
Investigations into the robustness of the assagemmnated on the impact of a delay in
the preparation of the samples, as this would oeter the timing of the assay
alongside the other planned tests. It was detewitimat the fluorescence ratio remained
stable for at least 40 minutes after sampling fiti unit, allowing potentially more

labile assays to be prepared first.

Carbonyl cyanide 3-chlorophenylhydrazone (CCCP# igrotonophore that acts as a
mitochondrial membrane disruptor and uncoupler xiflative phosphorylation. The
addition of CCCP was thus expected to act as aipegirocess control (Hortelano et
al., 1999)(Hortelano, 1999, 28). CCCP was addea abncentration of 5 pmol/L.
Platelet populations were identified based on scatharacteristics, with a stop on
50000 events. Green fluorescence was detected bnwith the FL2 detector used to

identify the red-fluorescing J-aggregates.

Method

Reagents

CCCP (Sigma-Aldrich, Dorset, UK: code C2759)

JC-1 (Invitrogen, Paisley, UK: code: T3168)

DMSO, anhydrous (Sigma-Aldrich, Dorset, UK: coded8)

T-Soll platelet additive solution (Baxter, Norfolk, UKode RDB7846)
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Preparation of Reagents

0.1M CCCP stock solution:

= Prepare a 0.1 M stock solution (0.0205 g of CCC89io pL of DMSO)
= Dispense into labelled cryovials as 20 pL aliquaotd store below -30°C
5 mM CCCP (working solution):

Add 380 pL of DMSO to thawed vial of CCCP stockusimin

5 mM JC-1 stock solution:

= Dispense 1.534 mL of DMSO into the 5 mg vial of IC-

= Once dissolved, dispense into labelled cryovia®5nL aliquots

100 uM JC-1 (working solution):

= Add 1.225 mL of DMSO to thawed vial of JC-1 stockugion

Procedure

= Obtain a platelet count from the unit sample

= Dilute with T-Sol to a concentration of 30 x*10(at least 2 mL required per assay)
Two plastic test tubes are required per assaysenang as the test and a second
serving as a control

» Dispense 5 pL of 100 uM JC-1 to the bottom of ket tubes

» Dispense 1 pL of 5 mM CCCP to the bottom of theticriube

= Dispense 995 puL of the diluted sample to both tubes

= Cap tubes and incubate in a 37°C waterbath for ib@ites (protect from light)

= Acquire on the flow cytometer.

INTRACELLULAR FREE CALCIUM

Background

A flow cytometric assay using two fluorescence aadiors was developed for the
measurement of intracellular free calcium. Flus-4 iderivative of fluo-3 in which two
chlorine atoms are substituted by fluorine, resgltin improved excitation from the
standard 488 nm argon laser used in the FC500 digameter. Emission maximum is
516 nm, with binding of calcium ions resulting mcreased fluorescence. In contrast,
Fura Red exhibits decreased fluorescence on bingtingalcium, with an emission
maximum of approximately 675 nm. The separatioernmission maxima, coupled with

the differing response of the dyes to varying eaiticoncentration, allows for the
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adoption of a ratiometric analysis, with both dgesbined in a single assay. Obtaining
a ratio from two separate dyes minimises the efédctarious artefacts unrelated to
changes in calcium concentration. These includeirtipact of cell size and shape as
well as variations in the loading and subsequeakdge of fluoresecent indicators
(Dustin, 2000).

The common fluorescent indicators for“Care polycarboxylate anions that cannot
cross the lipid bilayer of the plasma membrane. Utake and retention of the dyes is
facilitated by the use of the acetoxymethyl (AM}eesof each dye. The AM group
masks the negative charge of the carboxyl groufmsveldg the ester form to pass
through the cell membrane. Once inside the celhspecific esterases cleave the
masking groups, allowing the carboxyl groups taddim calcium ions and resulting in a
charged form of the dye that is more easily rethimside the cell (Takahashi et al.,
1999). A complication of the use of AM esters igitHow solubilities. This can be
improved with the addition of a mild, non-ionic fagtant such as PlurofficF-127
(Kao, 1994).

Development of the Assay

A modified Tyrode’s buffer (137 mmol/L NaCl, 2.8 nobi. KCI, 1 mmol/L MgCh, 12
mmol/L NaHCQ, 0.4 mmol/L NaHPQO,, 10 mmol/L HEPES, 5.5 mmol/L glucose,
0.35% BSA (w/v)) was used as the sample diluent Cgdo Monteiro et al., 1999).
Bovine serum albumin was added to the medium orb#sts that serum proteins such
as BSA can improve the loading efficiency (Kao, 4P9The net effect was to

accentuate the difference between the two emigkiorescences.

Dyes were purchased in 50 pg volumes and recotestititn anhydrous DMSO to a
concentration of 1 mmol/to provide a stock solution. A working solution waepared

on the day of the assay by adding equal volumeBlafoni® F-127. Any remaining
stock solution was stored below -30°C. Any remajnivorking solution was discarded
at the end of the day, since Plurdhie-127 can decrease the stability of AM esters.
(The manufacturer recommended that AM esters bel atea final concentration
between 1 — 10 umol/L). Little difference in flusoence intensity was evident within

this range and a final concentration of 5 pmol/lsvadopted for both dyes.
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Incubation times of fifteen and thirty minutes werealuated. The impact on Fluo-4
was minimal, but a marked increase in fluorescantansity was noted for Fura Red
with the longer incubation period. As fluorescemexpected to decrease upon calcium
binding with Fura Red, a higher starting point wbhbe advantageous and an incubation
period of thirty minutes was adopted for the as€xympartmentalisation refers to the
uptake of dye by organelles within the cell, sorhevbich may contain high levels of
calcium and thus potentially contribute to the flesrence signal. As some operators
have reported increased compartmentalisation witubation temperatures of 37°C
compared to ambient temperature, the latter wagptado(Takahashi et al., 1999,
Dustin, 2000).

Cytosettings were initially established using indual dyes and subsequently optimised
using a combined protocol. Final settings were:

FL1 (Fluo-4 detector): 550 volts

FL4 (Fura Red detector): 675 volts

Compensation: FL4-FL1 = 1.8 FL1-FL4 =5.0

The calcium ionophore A23187 was employed as atipescontrol, with a final
concentration of 20 umol/L. A final concentratioh ® x 10 platelets was initially
adopted based on the concentration used for the2B&nexin V-binding assay and
found to yield acceptable results. Platelets wetentified based on their scatter

characteristics, with a stop on 10000 platelet tszen

Method

Reagents

Fura Red (Invitrogen, Paisley, UK: code F-0321)

Fluo-4 (Invitrogen, Paisley, UK: code F-14201)

A23187 free acid calcium ionophore (Invitrogen,dRay, UK: code A-1493)
DMSO, anhydrous (Sigma-Aldrich, Dorset, UK: coded8)

Pluroni® F-127 (20%) in DMSO (Invitrogen, Paisley, UK: cdd@000MP)

Preparation of Reagents
Modified Tyrode’s buffer (200 mL):

Sodium chloride 137 mmol/L 1.6013 g
89



Potassium chloride 2.8 mmol/L 0.0418 g

Magnesium chloride 1 mmol/L 0.0407 g
Sodium hydrogen carbonate 12 mmol/L 0.2016 g
Disodium hydrogen phosphate 0.4 mmol/L 0.0114 g
HEPES 10 mmol/L 0.4766 g
Glucose 5.5 mmol/L 0.1982 g
Bovine serum albumin 0.35% (w/v) 0.7000 g

Final pH (7.4; adjusted with NaOH)

Filter through a 0.2 um syringe filter in a Clasbiblogical safety cabinet and store at
2—-8°C for 4 weeks. Check visually for contaminatiomiore use.

Fluo-4 (stock solution):

= To 50 pg vial add 45.6 pL of anhydrous DMSO

Fura Red (stock solution):

» To 50 g vial add 45.9 pL of anhydrous DMSO

Working solutions of fluorescent dyes:

= To 13 pL of the reconstituted dye add 13uL of F-127 to yield a working
solution of 0.5 mmol/L

Calcium ionophore (A23187):

» Reconstitute the ionophore in anhydrous DMSO tatera stock solution of 1 mg
per mL (2 mmol/L)

= Aliquot into labelled cryovials and store below 280

Procedure

= Two test tubes are required per assay — one lab&bst” and the second labelled
“control”.

» Pipette 5 pL of Fluo-4 and Fura Red working soluiinto each tube.

= Pipette 490 pL of the diluted platelet sample ibth tubes. Vortex for a few
seconds, cap and incubate in the dark for 30 ménatt@mbient temperature.

= After the incubation period, add 5 pL of 2 mmol/[22187 to the control tube.

Vortex for a few seconds.
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= To both tubes add 1 mL of modified Tyrode,s butied acquire immediately on

the flow cytometer.

INVESTIGATION OF PLATELET AGEING DURING STORAGE IN SCOTT
SYNDROME PATIENT

Background

Platelets from Scott Syndrome patients do not esRS on their surface in response to
physiological agonists such as collagen/thrombioweler, it was not known whether
they would show an increased expression in resptingeo-apototic agonists such as
the BH3-mimetic ABT-737. Scott platelets thus poidly provided a model for
investigating whether the aminophospholipid tracatmn noted during storage in
normal platelets is caused by a cell death prottegsmay be attributable to apoptosis.
If Scott syndrome platelets expressed aminophogptslin response to ABT-737 an
increased expression of aminophospholipids in Splattelets with storage would be
suggestive of apoptosis as a causative mechanistneirPSL rather than activation

through a scramblase dependent mechanism.

Development of the Assay

The expression of aminophospholipid on the platsiettace was measured flow
cytometrically as the percentage of platelets mgdannexin V, using the method
described above. The volume of whole blood thatccbe obtained was restricted to 7
x 5 mL vacutainer vials. A method was thus devedbpe transfer the platelet-rich

plasma (PRP) from the gently-centrifuged tubes toeanatal PC storage pack. This
required the vials to be opened. Preliminary triéfishe method were thus undertaken
with samples from normal volunteers to ensure thatsterility of the units could be

maintained.

Informed consent for this study was obtained byUhéversity Hospital of Wales after

review by The South East Wales Ethics Committee.

Method — Unit Preparation
= Seven 5 mL 9NC coagulation sodium citrate 3.2% tainers (Greiner Bio-one,

Kremsmdunster, Austria) were used to collect appnaxely 30 mL of peripheral
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whole blood at the University Hospital of Walesnfrahe patient and two controls.
The samples were subsequently transported to theshWRlood Service with

minimal delay.
= Samples were centrifuged at 89@or 5 minutes at 22°C.

» The vacutainers were opened inside a Class Il miclogy safety cabinet and the
PRP transferred by syringe and 19G needle into @8aRt2410 neonatal platelet
storage packs via a sterile sample site couplekt@BaHealthcare Ltd, Newbury,
UK). An isopropyl alcohol/chlorhexidine swab wasedson the surface of the
coupler both before and after needle insertion. rpinately 3 mL of PRP was

obtained from each vacutainer for a total samplame of approximately 15 mL.

» The neonatal packs were stored at 22 + 2°C witlsteort horizontal agitation. (The
packs are designed to hold between 40 and 70 mtootentrated platelets. A
volume of 15 mL appeared to be too low to allow &mlequate mixing of the

contents. Units were thus periodically mixed malyudroughout the day).

= Samples were taken on days 1, 2, 5, 7 and 9, vaithOdbeing the day of sample
collection. Approximately 150 pL was asepticallyneved from the units via a
sample site coupler using a 1 mL syringe with 1@@die and dispensed into a 12 x
75 mm plastic tube. (All sampling was performe@i@lass Il safety cabinet).

» Flow cytometric analysis was performed immediatdter sampling.

THROMBIN GENERATION IN SCOTT PLATELETS DURING STORAGE

An extension of the study on platelet ageing wagopmed by colleagues at UHW
investigating the functional capacity of stored tpllets in a Scott patient. As
phosphatidylserine provides a procoagulant surfaceéhe activities of the tenase and
prothrombinase complexes in the normal coagulagsponse, the question arose as to
whether an increase in aminophospholipid expressiothe surface of Scott platelets
would correlate with an increase in thrombin getienaand microvesicle formation.
The annexin V binding assay was adopted by the t@athe School of Medicine, as
was the unit preparation method described above.tfitombin generation assay was
performed at UHW by calibrated automated thrombolgys(CAT).
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CHAPTER 3. COMPARISON OF IN VITRO STORAGE
CHARACTERISTICS OF PLATELET CONCENTRATES STORED IN
100% AUTOLOGOUS PLASMA VERSUS A MEDIUM COMPRISED
OF 70% SSP+[1 /30% PLASMA

INTRODUCTION

Despite the continued interest in the use of adelisiolutions for the storage of PCs,
there have been relatively few studies comparimgctmaracteristics of such units with
PCs suspended in 100% autologous plasma beyonddiyeof storage (Cardigan et al.,
2008). A study was therefore undertaken to expandhe current body of published
data and provide a comparative data for subseagxgariments. Study 1 thus compared
the storage characteristics of buffy coat-derivedoled platelets suspended as
concentrates in 100% autologous plasma (the custantdard storage conditions) with
similarly prepared PC suspended in a medium coingri§0% SSPH and 30%
plasma over a period of 14 days, including paramedssociated with mechanisms of
cell death. The frequency of testing resulted gnicant volume loss and contributed
to median platelet yields below the UK Guidelinspkcification by the end of storage
(226 x 16unit and 198 x 1Wunit in 100% plasma and 70% SSP-+units,
respectively). It is unclear how this volume losaynhave affected results, limiting this

study to a comparative investigation.

Data are replicates of 13 experiments for 100%npgaand 12 experiments for SSP+.
Summary statistics are presented as the medianaagé in the tables and median and
interquartile range (25and 7%' percentiles) in the graphs. Differences betweengs
were analysed by the Mann-Whitney Rank Sum tesh wip value <0.05 regarded as
statistically significant. Comparisons within tegtoups over time were performed
against baseline (day 1) results by the Wilcoxogn&d Rank test, with statistical

significance assigned to p values <0.01.
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RESULTS
Platelet Yield and Volume

The median platelet yields for units in plasma a@0& SSPH# on day 1 were 320 x
10%unit and 301 x 1Yunit, respectively, with no statistically signidiot difference
between the two processes (p=0.165). Corresponmdadjan unit volumes were 315.5
mL and 317.1 mL (p=0.849). All units met the UK @elines’ specification requiring a
platelet yield> 240 x 18/unit (James, 2005). All units were successfullyctereduced
(WBC counts < 1 x 1%unit) and remained sterile at end of storage.

Viability and Morphology

Platelet concentration

There was a gradual decrease in platelet concemtriait both study groups over the 14-
day storage period, with median end of storageesa86.3% and 81.9% of day 1 values
in plasma and SSP# units, respectively (figure 3.1). Compared to kiaseday 1
values, the decrease was statistically signifioaninits in 100% plasma on days 10 and
14 (p<0.001) and in units suspended in 70% S$Sffem day 6 (p=0.003 to <0.001).
Lower median values were noted in the units suspeéma 70% SSP# throughout the

storage period, though a statistically significdifterence was not evident until day 14
(p=0.023) (table 3.1).
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Table 3.1: Summary results for platelet concentration — PC in 100% plasma vs 70%

SSP+/[/
Platelet concentration (x10%/L)
Day Tested 100% Plasma (n=13) 70% SSP+0 (n=12)

Median Range Median Range p value
1 1010 865-1323 979 814-1246 0.142
2 1011 833-1290 965"° 817-1254 0.221
3 1016™° 867-1345 951"° 801-1235 0.242
6 1014 818-1290 931* 772-1213 0.355
8 958"° 813-1356 921* 767-1171 0.068
10 932+ 807-1271 917+ 734-1082 0.289
14 872+ 768-1218 802+ 685-931 0.023

*: Statistically significant difference (p<0.01) when compared against day 1 values
NS: No statistically significant difference when compared against day 1 values

Swirling

Swirling remained strong (score of 3) throughowt #¥ days of storage in all units
suspended in 70% SSB+ In the units suspended in 100% plasma, eighttethirteen
units showed reduced swirling with a score of Zlay 10, decreasing further to scores

of 1 or O by day 14 in eleven of the units.

Mean platelet volume

Mean platelet volumes were lower in the platelatspended in 70% SSP+ with
median values of 7.9 fL compared to 9.1 fL on ddgriplatelets in 100% plasma. This
difference was retained throughout storage and thié exception of day 3 (p=0.079),
was statistically significant at all time points=(p035 to <0.001) (table 3.2). However,
the variation associated with the plasma resultev@esource of concern (figure 3.2).
An inconsistency was identified between the last f@sults and those preceding them.
The median on day 1 for the first nine units wasf.compared with 7.8 fL for the last
four units tested, with a similar difference retarthroughout the storage period. There
was a two month gap between the two groups of tedulit no clear indication of what
could have caused the discrepancy. There were aogels to unit preparation and the
analyser performance was routinely monitored witiilyd quality control material.
Statistically significant differences were obtaingdm day 6 in 100% plasma units

(p=0.002 to <0.001) when comparing results to laseflay 1 values. By contrast,
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significant differences were obtained on days 20(p64), 3 and 14 (p=0.002 for both)
in units in 70% SSH+ (table 3.2).
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Table 3.2: Summary results for mean platelet volume — PC in 100% plasma vs 70%
SSP+/[/

Mean platelet volume (fL)
Day Tested 100% Plasma (n=13) 70% SSP+0 (n=12)

Median Range Median Range p value
1 9.1 7.7-10.2 7.9*% 7.4-8.3 0.014
2 9.1 7.6-10.1 8.1* 7.4-8.4 0.035
3 9.2 7.2-10.2 8.1* 7.7-8.4 0.079
6 9.3+ 7.7-10.8 8.0 7.6-8.6 0.004
8 9.6 8.1-10.6 8.1N® 7.6-8.6 <0.001
10 9.6 8.1-10.8 8.0 7.6-8.4 <0.001
14 9.7+ 8.4-10.4 8.2* 7.6-8.7 <0.001

*: Statistically significant difference (p<0.01) when compared against day 1 values
NS: No statistically significant difference when compared against day 1 values

Hypotonic shock response and extent of shape change

The response to hypotonic shock was retained ¢today 1 values until after day 3, at
which point the response was found to decrease fuither storage in both test groups
(figure 3.3).This became statistically significamtooth test groups from day 6 (p=0.003
to <0.001) (table 3.3). A convincing difference Qp801) between the results for the
two groups was not evident until day 14, when thedian for units in plasma was

30.5% compared to 40.0% for units in SEP{table 3.3). A similar pattern was evident
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for the extent of shape change assay (figure S:dh, median levels starting at 35.2%

and 35.1% for plasma and SSP+nits respectively (p=0.435); decreasing by dayol4
9.8% and 14.2% (p<0.001). As with HSR, the decreas® statistically significant from
day 6 to the end of storage (p<0.001) (table 3.4).
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Table 3.3: Summary results for hypotonic shock response — PC in 100% plasma vs

70% SSP+/[/

Hypotonic shock response (%)
Day Tested 100% Plasma (n=12) 70% SSP+0 (n=12)

Median Range Median Range p value
1 73.4 53.0-87.4 78.0 68.5-92.2 0.089
2 715" 51.5-88.2 81.8" el 0.034
3 72.3"° 53.3-80.0 76.5"° 64.6-92.8 0.184
6 66.3* 45.8-74.5 64.2* 55.9-78.0 0.583
8 53.7* 42.0-65.1 62.5* 49.5-78.0 0.043
10 49.2* 31.4-63.1 52.0* 39.8-61.9 0.273
14 30.5* 2.8-42.8 40.0* 36.8-53.3 <0.001

*: Statistically significant difference (p<0.01) when compared against day 1 values
NS: No statistically significant difference when compared against day 1 values
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Table 3.4: Summary results for extent of shape change — PC in 100% plasma vs 70%

SSP+/[/
Extent of shape change (%)
Day Tested 100% Plasma (n=12) 70% SSP+0 (n=12)

Median Range Median Range p value
1 35.2 23.5-43.3 35.1 31.4-39.2 0.435
2 33.9"° 30.3-39.8 34.0" i 1.000
3 33.2"° 25.2-38.8 32.8"° 28.2-39.1 0.977
6 25.3* 21.4-33.5 26.0* 21.6-30.4 0.817
8 20.5* 18.4-28.5 22.3* 18.8-27.3 0.564
10 18.1* 14.9-23.1 19.4* 14.9-22.6 0.470
14 9.8* 1.5-13.7 14.2* 10.6-18.8 <0.001

*: Statistically significant difference (p<0.01) when compared against day 1 values

NS: No statistically significant difference when compared against day 1 values
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Platelet Metabolism

Glucose and Lactate Levels

Median glucose levels in plasma and SSPunits on day 1 were 15.2 mmol/L and 4.6

mmol/L, respectively, reflecting the lack of glueos the SSPH additive solution and

resulting in statistically significant differenc€s<0.001) between the two test groups

throughout storage (table 3.5). Glucose levelsidedlgradually to a minimum of 3.7

mmol/L by day 14 in plasma units, whereas storesevaepleted by day 10 in units

suspended in 70% SSB+ (figure 3.5). A statistically significant differea from

baseline day 1 levels was present by day 2 in units00% plasma and by day 3 in
units suspended in 70% SSP@#<0.001 in all cases) (table 3.5).
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Figure 3.5: Glucose concentration in
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Table 3.5: Summary results for glucose concentration — PC in 100% plasma vs 70%

SSP+/7
Glucose concentration (mmol/L)
Day Tested 100% Plasma (n=13) 70% SSP+0 (n=12)

Median Range Median Range p value
1 15.2 14.0-17.2 4.6 4.2-5.4 <0.001
2 14.5* 13.5-16.4 4.4 3.8-5.2 <0.001
3 14.3* 12.9-16.2 4.0* 3.4-4.8 <0.001
6 12.2* 11.1-14.7 2.8* 1.9-3.3 <0.001
8 10.5* 9.1-13.1 1.7* 0.7-2.4 <0.001
10 8.4* 7.3-11.7 0.5* 0.0-14 <0.001
14 3.7* 2.1-7.9 0.1* 0.0-0.3 <0.001

*: Statistically significant difference (p<0.01) when compared against day 1 values
NS: No statistically significant difference when compared against day 1 values
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The decrease in glucose concentration was refleéatacdconcomitant increase in lactate

levels, with median levels at the start of the ager period of 8.3 mmol/L increasing to
25 mmol/L by day 14 in PC suspended in 100% pla@aide 3.6). In contrast, levels in

units suspended in 70% SSP+plateau at a median of 14.6 mmol/L on day 10,

coincident with the depletion of glucose storesthese units (figure 3.6). As with
glucose, statistically significant differences (pXI) were found by day 2 and by day 3
in 100% plasma units and 70% S$Ptnits, respectively.
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Figure 3.6: Lactate concentration in
PC stored in 100% plasma vs PC

stored in 70% SSP+/7

(median % interquartile range)

Table 3.6: Summary results for lactate concentration — PC in 100% plasma vs 70%

SSP+//
Lactate concentration (mmol/L)
Day Tested 100% Plasma (n=13) 70% SSP+0 (n=12)

Median Range Median Range p value
1 8.3 7.1-10.6 7.6 6.9-8.7 0.036
2 9.0* 7.9-11.6 8.0"° 7.1-9.0 0.002
3 9.6% 8.6-12.2 8.4* 7.6-9.6 <0.001
6 12.1* 11.1-16 10.5* 9.8-12.3 <0.001
8 14.9* 13.4-18 12.5* 10.7-14.3 <0.001
10 18* 16-21 14.6* 13.1-16 <0.001
14 25* 21-32 14.6* 13.9-16 <0.001

* Statistically significant difference (p<0.01) when compared against day 1 values

S No statistically significant difference when compared against day 1 values
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Rates of glucose consumption increased througlheustbrage period in units stored in
100% plasma, partly as a reflection of the losplafelets with storage evidenced by the
decrease in platelet concentration, resulting istaistically significant difference
(p<0.001) compared to baseline levels beyond déwgltile 3.7). Glucose consumption
also increased with storage in PC suspended in 38%+t] until day 10. Beyond this
point, the depletion of glucose in these units Iteduin a steep decline in glucose
consumption (figure 3.7). Statistically significadifferences (p<0.001) compared to
baseline levels of consumption were only evidemvben days 6 and 10 in these units.
Glucose consumption in the SSP+est group was lower than in the plasma unitsh wit
statistically significant differences between th® tgroups at all time points (p=0.011 to
<0.001) (table 3.7).
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Figure 3.7: Glucose consumption rates in PC stored in 100% plasma vs PC stored in 70%
SSP+/7 (plot shows median, 25", 75", 10" and 90" percentiles, with other values
individually plotted)

Table 3.7: Summary results for glucose consumption — PC in 100% plasma vs 70%
SSP+/[/

beriod of Glucose consumption (mmol/day/10*plts)
glucose 100% Plasma (n=13) 70% SSP+0 (n=12)
consumption ) )
Median Range Median Range p value
Day1-3 0.47 0.24-0.79 0.35 0.00-0.55 0.011
Day 3-6 0.73"° 0.26-0.92 0.46"° 0.35-0.56 0.008
Day 6 -10 0.92* 0.70-1.29 0.63* 0.41-0.81 <0.001
Day 10 -14 1.28* 0.86-1.68 0.11"° 0.00-0.43 <0.001

*: Statistically significant difference (p<0.01) when compared against day 1 values
NS: No statistically significant difference when compared against day 1 values
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The pattern of lactate production mirrored thatesbed with glucose consumption,
with lactate production ceasing with the depletidiglucose stores (figure 3.8).
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Figure 3.8: Lactate production in PC stored in 100% plasma vs PC stored in 70% SSP+//
(plot shows median, 25", 75", 10™ and 90™ percentiles, with other values individually plotted)

Table 3.8: Summary results for lactate production — PC in 100% plasma vs 70%
SSP+/[/

beriod of Lactate production (mmol/day/10*plts)
lactate 100% Plasma (n=13) 70% SSP+0 (n=12)
production , )
Median Range Median Range p value
Day1-3 0.68 0.55-0.99 0.38 0.12-0.68 0.011
Day 3 -6 0.99* 0.49-1.24 0.81* 0.71-0.94 0.008
Day 6 -10 1.27* 0.97-2.12 1.04* 0.63-1.52 <0.001
Day 10 -14 2.04* 1.12-2.89 0.06"° -0.33-0.44 <0.001

*: Statistically significant difference (p<0.01) when compared against day 1 values

NS: No statistically significant difference when compared against day 1 values
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PHe2°c)
pH.2-c values were similar in both test groups on dawith median values of 7.070

and 7.064 in 100% plasma and S8&P#nits, respectively (p=0.231) (table 3.9). The
pattern subsequently deviated, with units in plash@ving an increase in pH until day
3 followed by a decline through to day 14 whichwbd a minimum level for the
median of 6.613 (range: 6.521 — 6.870), resultingtatistically significant differences
(p<0.001) compared with baseline day 1 values httimle points except day 10
(p=0.787) (table 3.9) . Units in 70% SSP+howed a more gradual increase to day 6,
with a more pronounced rise after day 10 followthg depletion of glucose stores in
these units, resulting in a day 14 median valug.805 (figure 3.9). In these units,
statistically significant differences (p<0.001) cmemed to day 1 values were evident

throughout storage.
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Table 3.9: Summary results for pH,,.c — PC in 100% plasma vs 70% SSP+//

pH (22°C)
Day Tested 100% Plasma (n=13) 70% SSP+0 (n=12)

Median Range Median Range p value
1 7.070 7.014-7.129 7.065 7.010-7.114 0.231
2 7.251* 7.176-7.314 7.125* 7.056-7.158 <0.001
3 7.327* 7.274-7.382 7.167* 7.092-7.202 <0.001
6 7.299* 7.219-7.366 7.222* 7.107-7.257 <0.001
8 7.193* 7.092-7.282 7.198* 7.071-7.241 0.913
10 7.070™° 6.914-7.159 7.161* 7.092-7.220 <0.001
14 6.613* 6.521-6.870 7.295* 7.162-7.346 <0.001

*: Statistically significant difference (p<0.01) when compared against day 1 values
NS: No statistically significant difference when compared against day 1 values
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Bicarbonate Levels

Bicarbonate levels in plasma units decreased ghgduam a median on day 1 of 18.46
mmol/L to 1.59 mmol/L by day 14. Levels in SSP-nits, in contrast, were relatively
more stable, with starting levels of 7.59 mmol/lcdasing to 4.09 mmol/L by the end
of storage, constituting 53.9% of day 1 levels careg to 8.6% of day 1 values in
100% plasma units. Statistically significant difaces compared with baseline day 1
levels were evident in plasma units at all timenp®i but after day 3 in SSP+units
(p<0.001 in all cases) (table 3.10). The pattefffeceed the more stable pH values
observed with SSR3+ units (figures 3.10 and 3.9). Statistically sigraht differences

were noted throughout storage between the twaytesips (p<0.001 at all time points).
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Table 3.10: Summary results for bicarbonate levels — PC in 100% plasma vs 70%
SSP+[J

Bicarbonate levels (37°C) (mmol/L)
Day Tested 100% Plasma (n=13) 70% SSP+0 (n=12)
Median Range Median Range p value
1 18.46 16.62-20.50 7.59 5.69-7.91 <0.001
2 16.08* 14.91-18.08 6.93"° 6.29-8.13 <0.001
3 14.66* 13.70-16.46 6.59"° 6.01-7.68 <0.001
6 11.56* 9.82-13.21 5.73* 5.17-6.58 <0.001
8 8.93* 7.13-10.36 5.20* 453-6.11 <0.001
10 6.03* 4.45-7.79 4.63* 3.85-5.56 <0.001
14 1.59* 0.43-4.09 4.09* 3.11-5.16 <0.001

*: Statistically significant difference (p<0.01) when compared against day 1 values
NS: No statistically significant difference when compared against day 1 values
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Blood Gases

Median pQgarec)levels increased steadily throughout the periodtofage in both test
groups, from median day 2 levels of 12.7 and 14@ kn plasma and 70% SSP+
units, respectively, to a maximum of 18.4 and 1BR&a by day 14 (figure 3.11).
Statistically significant differences between tiw® tgroups were evident only on day 1
(p=0.027). This was reflected in the pairwise corigom with baseline day 1 values,
with statistically significant differences (p<0.00h plasma units at all time-points but
no significant differences on days 2 and 3 in 70828’ units (table 3.11). PCLRR7°c)
differed significantly between the two groups fralay 1 (p<0.001 at all time points),
with median levels decreasing from 11.4 to 2.79 ikRanits suspended in 100% plasma
compared to 4.85 to 1.58 kPa for units in 70% SSHRetay 1 to day 14) (figure 3.12).
The decrease in pGn 100% plasma units between days 1 and 3 coincmdédthe
increase in pH observed in these units during thmes period, with statistically
significant differences (p=0.009 to <0.001) complat@ day 1 values at all time-points
in both test groups (table 3.12).
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Table 3.11: Summary results for pO, — PC in 100% plasma vs 70% SSP+//

pO, (37°C) (kPa)

Day Tested 100% Plasma (n=13) 70% SSP+0 (n=12)

Median Range Median Range p value
1 12.7 10.5-14.6 14.0 10.5-15.6 0.027
2 13.5* 10.6-15.1 13.7"° 12.4-15.8 0.586
3 14.7* 12.4-15.8 14.3"%° 12.6-16.1 0.913
6 15.4* 14.0-17.7 15.5* 13.7-16.5 0.785
8 16.0* 14.1-17.9 15.7* 14.7-17.7 0.275
10 16.5* 15.5-18.7 17.0* 15.2-18.0 0.723
14 18.4* 16.0-22.5 18.8* 17.2-19.8 0.913

*: Statistically significant difference (p<0.01) when compared against day 1 values

NS No statistically significant difference when compared against day 1 values

Table 3.12: Summary results for pCO, — PC in 100% plasma vs 70% SSP+/[/

pCO, (37°C) (kPa)

Day Tested 100% Plasma (n=13) 70% SSP+0 (n=12)

Median Range Median Range p value
1 11.4 9.8-12.9 4.85 3.45-5.18 <0.001
2 7.04* 6.34-7.49 3.89* 3.563-4.33 <0.001
3 5.32* 4.96-5.71 3.39* 3.13-3.75 <0.001
6 4.44* 4.03-4.66 2.72% 2.42-3.08 <0.001
8 4.21* 3.67-4.57 2.57* 2.31-2.87 <0.001
10 3.83* 2.97-4.16 2.38* 2.09-2.58 <0.001
14 2.79* 1.38-3.32 1.58* 1.47-1.89 <0.001

*: Statistically significant difference (p<0.01) when compared against day 1 values

NS: No statistically significant difference when compared against day 1 values
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Oxygen consumption rates were similar, with levelsboth test groups gradually
decreasing after day 3 (figure 3.13). Statisticadignificant differences (p<0.01)
compared to baseline day 1 levels were present @ditgs 2 and 3 in plasma units and
units in 70% SSP*, respectively. Although statistically significadifferences between
the two groups were evident on days 6 (p=0.041), 8a(p=0.010) and day 14
(p=0.040) (table 3.13), the differences were natvatcing and may be related to the
higher platelet concentrations measured in theswguspended in 100% plasma (figure
3.1).
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Table 3.13: Summary results for oxygen consumption rate (22°C) — PC in 100%
plasma vs 70% SSP+//

Oxygen consumption rate (22°C) — (nmol/min/lngIts)
Day Tested 100% Plasma (n=13) 70% SSP+0 (n=12)

Median Range Median Range p value
1 0.211 0.182-0.270 0.211 0.169-0.247 0.683
2 0.206"° 0.184-0.241 0.215"° 0.173-0.231 0.242
3 0.186* 0.163-0.226 0.202"° 0.183-0.227 0.053
6 0.173* 0.153-0.195 0.188* 0.165-0.214 0.041
8 0.159* 0.126-0.178 0.184* 0.151-0.218 0.010
10 0.159* 0.118-0.189 0.170* 0.142-0.181 0.165
14 0.136* 0.048-0.182 0.148* 0.122-0.160 0.040

*: Statistically significant difference (p<0.01) when compared against day 1 values
NS: No statistically significant difference when compared against day 1 values
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ATP and ADP Levels

ATP levels decreased in plasma units from a medfah37 pmol/16'plts on day 1 to
4.01 umol/1&'plts on day 14 in units suspended in 100% plasmeaels in units with
SSP+] were not significantly different until day 14 (p6@3), with a higher median of
4.845 pumol/18'plts at this time point compared to plasma unigblé 3.14). End of
storage levels in 100% plasma units were thus 5#éap 1 values and 61% of starting
values for units in SSP+ units. An initial increase in ATP levels was foundoth test
groups; a pattern previously observed in some phbd studies (figure 3.14) (Wallvik
and Akerblom, 1983, Sandgren et al., 2010). Degpeesimilar pattern of ATP levels
with storage, a statistically significant differen{p<0.01) compared to baseline day 1
values was only obtained on day 14 in SSRmits compared with days 2, 3, 6 and 14

in plasma units (table 3.14).
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Table 3.14: Summary results for ATP levels — PC in 100% plasma vs 70% SSP+/7

ATP levels — (umol/10™'plts)
Day Tested 100% Plasma (n=13) 70% SSP+0 (n=12)

Median Range Median Range p value
1 7.37 5.68-8.69 7.95 6.38-8.98 0.399
2 8.20* 6.40-9.58 7.91" 5.96-10.36 0.497
3 8.60* 7.58-9.89 8.86"° 6.37-10.88 0.935
6 8.83* 6.83-9.81 8.09"° 7.24-9.74 0.087
8 7.77"° 6.53-9.62 7.84%° 6.33-9.44 0.892
10 7.30"° 5.77-9.07 6.85"° 5.85-9.10 0.497
14 4.01* 1.95-5.32 4.85* 3.69-5.75 0.023

*: Statistically significant difference (p<0.01) when compared against day 1 values
NS: No statistically significant difference when compared against day 1 values
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ADP levels also decreased with storage, from a amedn day 1 of 5.99 pmol/iplts
for 100% plasma units to 1.66 pmoltfits by day 14. Respective levels in SSP+
units were 5.70 and 2.55 pmolHits, with a statistically significant differencaly
evident at end of storage (p<0.001). In both testugs, statistically significant
differences (p<0.001) compared to baseline daydldewvere obtained after day 6 (table
3.15). Although the error bars indicate a greategrée of variation in the results
compared with the ATP data, the overall patterricamigtss a decrease in ADP levels

unrelated to the levels of ATP in both test gro(figaire 3.15).
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Table 3.15: Summary results for ADP levels — PC in 100% plasma vs 70% SSP+//

ADP levels — (umol/lollplts)
Day Tested 100% Plasma (n=13) 70% SSP+0 (n=12)

Median Range Median Range p value
1 5.99 4.03-8.80 5.70 3.53-10.32 0.765
2 5.74%° 3.48-9.02 6.34"° 3.49-10.66 0.807
3 5.70"° 3.12-8.02 5.62"° 2.98-8.18 0.644
6 431N 2.45-7.82 455N 2.69-7.13 0.978
8 3.78* 2.06-6.76 4.37* 2.88-6.02 0.221
10 3.02* 1.69-4.75 3.58* 1.60-4.25 0.183
14 1.66* 1.03-2.34 2.55* 1.62-4.26 <0.001

*: Statistically significant difference (p<0.01) when compared against day 1 values
NS: No statistically significant difference when compared against day 1 values
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Platelet Activation

CD62P — Surface Expression and Soluble Concentratio

Surface expression of CD62P is reported as pergergasitive expression and median
fluorescence intensity. The percentage of plategmessing CD62P in 100% plasma
units increased from median levels of 53.5% on dato 89.5% on day 14, with
corresponding expressions of 55.7% and 72.7% in+SSBnits. In both groups, the
percentage positive expression decreased befareasiog again in the latter half of the
storage period, though a delay was evident in #teep provided by the SSP+units
compared with the units in 100% plasma (figure B.26comparison with baseline day
1 levels showed statistically significant differesc(p=0.009 to <0.001) at all time-
points except day 6 in plasma units. The shalladeerease in expression in SEP#
the first half of the storage period resulted ign#ficant differences compared to day 1
only on days 6 and 14 (p<0.001) (table 3.16). Siadlly significant differences
between the groups were noted at various pointglstorage (p=0.002 on day 2,
p=0.011 on day 3 and finally p <0.001 on day 14blg 3.16).
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Table 3.16: Summary results for surface expression of CD62P (% positive) — PC in

100% plasma vs 70% SSP+//

Surface expression of CD62P — (% positive)

Day Tested 100% Plasma (n=13) 70% SSP+0 (n=12)

Median Range Median Range p value
1 53.45 38.06-67.20 55.71 46.93-69.33 0.221
2 43.87* 29.54-64.36 54.84N° 47.03-71.23 0.002
3 43.86* 27.59-59.16 52.27"° 39.36-62.98 0.011
6 51.64"° 37.61-63.42 49.99* 38.89-57.98 0.312
8 57.86* 49.84-71.59 56.22N° 39.78-61.84 0.201
10 68.90* 58.17-78.18 63.84"° 57.43-73.75 0.202
14 89.51* 80.17-94.68 72.65* 67.11-82.11 <0.001

*: Statistically significant difference (p<0.01) when compared against day 1 values

NS: No statistically significant difference when compared against day 1 values
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Median fluorescence intensity was similar betwedan tivo test groups until day 10,
with no statistically significant differences frodays 1 to 8 (table 3.17). In both test
groups, a slight decrease in median fluorescenemsity was observed from day 1 to
day 6. Statistically significant differences comgxato day 1 levels were noted on days
2 (p=0.006) and 3 (p=0.003) in 100% plasma unitsbdth test groups significant
differences were also obtained on day 14 (p=0.00B8%$P+] and <0.001 in 100%
plasma) (table 3.17). Beyond day 10 MFI increadeal markedly greater rate in 100%
plasma units, resulting in statistically signifitaifferences between the groups on days
10 and 14 (p=0.046 and <0.001, respectively); wtdian values at end of storage of
2.88 and 1.75 in 100% plasma and SSP+ (figure 3.17)
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Table 3.17: Summary results for surface expression of CD62P (median fluorescence
intensity) — PC in 100% plasma vs 70% SSP+//

Surface expression of CD62P — (median fluorescence intensity)
Day Tested 100% Plasma (n=13) 70% SSP+0 (n=12)

Median Range Median Range p value
1 1.42 1.05-2.24 1.39 1.05-1.99 0.683
2 1.31* 1.00-1.85 1.29"° 1.01-1.82 0.605
3 1.21* 0.93-1.66 1.21" 1.07-1.76 0.764
6 1.22"° 1.06-1.65 1.18"° 1.05-1.43 0.174
8 1.34"° 1.12-2.01 1.31"° 1.12-1.61 0.157
10 1.60"° 1.31-2.14 1.44N° 1.14-1.74 0.046
14 2.88* 2.30-4.72 1.75* 1.62-2.49 <0.001

*: Statistically significant difference (p<0.01) when compared against day 1 values
NS: No statistically significant difference when compared against day 1 values
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Soluble CD62P levels were significantly lower initansuspended in 70% SSP+
throughout the storage period due to the lower melwf plasma in the suspending
medium (p=0.001 to <0.001) (figure 3.18). Startiengels were 89.7 and 52.0 ng/mL for
units in plasma and SSP+respectively, increasing at a constant rate witihhage to
median levels on day 14 of 160.3 and 134.8 ng/rahl¢t 3.18). Statistically significant
differences compared to baseline day 1 levels wbtained at all time points in both
test groups with the exception of day 2 in 100%smpla units (p<0.001 in all cases)
(table 3.18).
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Table 3.18: Summary results for soluble CD62P levels — PC in 100% plasma vs 70%
SSP+/[/

Soluble CD62P levels (ng/mL)
Day Tested 100% Plasma (n=11) 70% SSP+0 (n=12)
Median Range Median Range p value
1 89.72 66.78-139.29 52.03 25.02-73.77 <0.001
2 100.11"° 69.77-141.52 58.48* 26.74-84.03 <0.001
3 101.24* 80.93-140.18 64.07* 28.46-87.97 <0.001
6 116.49* 96.08-167.43 75.51* 40.61-100.08 <0.001
. 101.88- N
8 123.13 19352 87.35 45.20-108.47 <0.001
R 115.79- .
10 131.42 206.55 99.40 55.00-121.77 <0.001
. 137.98- . )
14 160.33 241.45 134.77 75.10-157.17 0.001

*: Statistically significant difference (p<0.01) when compared against day 1 values
NS: No statistically significant difference when compared against day 1 values

113



Markers of Cell Death

Annexin V Binding

Annexin V binding to the platelet surface, measuwuasgercentage positive expression,
increased gradually in both test groups until dayw&h the 100% plasma units
displaying a proportionately higher rate of aminogbholipid expression leading to
statistically significant differences on days 3 80(p=0.041 to <0.001) (table 3.19).
Beyond day 8, the rate of annexin V binding incegbm both test groups, resulting in
median values on day 14 of 30.07% and 29.07% ir¥d@pasma and SSPH units,
respectively (p=0.532) (figure 3.19). A compariseith baseline day 1 levels showed
statistically significant differences (p<0.001 ith @ases) after day 3 in both test groups
(table 3.19).
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Figure 3.19: Annexin V binding (%
positive) for PC stored in 100%
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(median % interquartile range)
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Table 3.19: Summary results for annexin V binding (% positive) — PC in 100% plasma
vs 70% SSP+//

Annexin V binding (% positive)
Day Tested 100% Plasma (n=13) 70% SSP+0 (n=12)

Median Range Median Range p value
1 4.10 2.63-15.56 3.67 2.42-6.81 0.568
2 455" 2.82-14.86 431" 2.33-6.49 0.463
3 5.49M 3.28-13.18 414" 3.24-6.34 0.041
6 9.11* 6.35-17.44 5.70* 3.76-10.05 <0.001
8 10.44* 8.17-20.91 6.69* 4.99-9.14 <0.001
10 18.21* 9.04-31.71 9.91* 7.83-15.88 0.001
14 30.07* 23.75-46.47 29.07* 21.46-35.48 0.532

* Statistically significant difference (p<0.01) when compared against day 1 values

NS: No statistically significant difference when compared against day 1 values
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When analysed as mean fluorescence intensity, annéxpinding was found to be

significantly lower throughout storage in the 10@asma units (p=002 to <0.001)
(figure 3.20). Median day 1 results of 24.7 and63far plasma and SSPH units,

respectively, decreased to 11.2 and 21.8 by day sbbsequently increasing to

corresponding median values of 12.4 and 29.5 onldayA comparison with baseline

day 1 values showed statistically significant diéfeces (p=0.003 to <0.001) after day 3

in 100% plasma units. A similar pattern was obtdingh 70% SSPH units, with the

exception of day 14 where the increase in MFI altey 10 resulted in similar values to
day 1 (p=0.413) (table 3.20).
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Figure 3.20: Annexin V binding
expressed as mean fluorescence
intensity for PC stored in 100%
plasma vs PC stored in 70% SSP+/7
(median = interquartile range)

Table 3.20: Summary results for annexin V binding (mean fluorescence intensity) — PC
in 100% plasma vs 70% SSP+//

Annexin V binding (mean fluorescence intensity)
Day Tested 100% Plasma (n=13) 70% SSP+0 (n=12)

Median Range Median Range p value
1 24.7 18.2-27.7 31.6 25.6-38.5 <0.001
2 241N 20.2-27.6 34.3" 26.7-44.5 <0.001
3 24.0M 19.3-33.3 32.2M 25.6-45.2 <0.001
6 18.9* 12.2-27.0 27.3* 19.4-34.2 0.002
8 15.1* 8.3-21.8 22.4% 18.4-30.0 <0.001
10 11.2* 8.0-19.0 21.8* 12.4-37.8 <0.001
14 12.4* 11.1-15.8 29.5" 23.2-35.2 <0.001

* Statistically significant difference (p<0.01) when compared against day 1 values

NS: No statistically significant difference when compared against day 1 values
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Mitochondrial Membrane Potential

Mitochondrial membrane potential, analysed as #ie of red to green fluorescence for
the JC-1 dye, decreased in both groups with sto(hgere 3.21). Median values of
5.44 and 6.75 on day 1 in plasma and S$Rmits respectively (p=0.009) decreased to
corresponding levels of 3.74 and 3.43 by end afagg®. A comparison against baseline
day 1 levels showed statistically significant diffieces in both test groups after day 2
(p=0.007 to <0.001). Statistically significant @iféences between the two groups were
evident at a number of time points, but were imtersed with non-statistically
significant changes on days 6 (p=0.121) and 10.§#4) (table 3.21).

Figure 3.21: Mitochondrial

e Pioomm membrane potential (FL2/FL1JC-1
31 —o— sSSP+ ratio) for PC stored in 100% plasma
vs PC stored in 70% SSP+/7
(median = interquartile range)

Mitochondrial Membrane Potential (FL2/FL1)
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Table 3.21: Summary results for annexin V binding (mean fluorescence intensity) — PC
in 100% plasma vs 70% SSP+/7/

Mitochondrial membrane potential (FL2/FL1 JC-1 ratio)
Day Tested 100% Plasma (n=13) 70% SSP+0 (n=12)

Median Range Median Range p value
1 5.44 4.49-7.48 6.75 5.88-7.23 0.009
2 5.13"° 4.77-7.44 6.22"° 5.82-6.63 0.036
3 4.81* 4.16-6.58 5.61* 4.94-6.43 0.005
6 4.57* 3.67-6.11 4.94* 3.45-5.57 0.121
8 4.32* 3.97-5.99 4.97* 4.35-5.47 0.008
10 4.23* 3.73-5.57 4.57* 3.31-5.02 0.849
14 3.74* 3.30-5.18 3.43* 3.04-3.69 0.003

*: Statistically significant difference (p<0.01) when compared against day 1 values
NS: No statistically significant difference when compared against day 1 values
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DISCUSSION

The platelets suspended in a medium containing 38R+] performed at least as well
as platelets in 100% autologous plasma for up tday® of storage. From this point, the
exhaustion of glucose in these units may lead telacated deterioration of platelet
viability which may not be reflected by the stardlguality monitoring parameters of
pH and swirling. The increase in the percentagetigesexpression of annexin V
binding and decrease in mitochondrial membrane npialesuggest an apoptosis-like
process may be involved in the platelet storagemneswith mitochondrial changes
preceding an increase in the percentage of platebgbressing annexin V. However,
more targeted studies would be required to defirgetime course of events and their
relation to platelet death, with the expectatioattthe studies to follow employing
additive solutions manipulated to isolate the rofeparticular components of the
solution may offer further insight into this prosesrom the perspective of clinical
transfusion practice, although the assessment aklptin vitro characteristics is a
logical starting point for the investigation of fgket viability beyond 7 days of storage,
the questions of haemostatic function as well atef#t recovery and survival following
transfusion would need to be addressed prior to @msideration of extending the

storage period of PCs beyond seven days.
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CHAPTER 4. IMPACT ON PLATELET IN VITRO STORAGE
CHARACTERISTICS OF THE INCLUSION OF ALBUMIN TO
ADDITIVE SOLUTIONS

INTRODUCTION

In Europe, the approved use of platelet additivieitems for the storage of platelet
concentrates requires the retention of approximeéB6Po6 of autologous plasma in the
suspending medium, though some studies suggesiuatien of the plasma fraction to
20% is sufficient to retain acceptable plateletction and viability for 7 days
(Gulliksson et al., 2003, Sweeney et al., 2006milar restrictions apply to the only
platelet additive solution approved for use by tHe Food and Drug Administration —
PAS-IIl (marketed as InterSal;, Fenwal Inc., Lake Zurich, IL) — which requireseth
carry-over of 65% of autologous plasnvawiw.fda.goy accessed on 08/09/2012). The
question remains as to why this contribution byspla should be necessary. One
hypothesis is that plasma contains survival facttrat retard the progressive
deterioration of platelets stored as concentraBzewn et al., 2000), with a possible
candidate in the form of plasma proteins such lasnain which have been postulated to
play a role in the maintenance of platelet membriaegrity (Holme, 1992). Other
potentially beneficial roles for albumin includeettscavenging of reactive oxygen
species (Nicholson et al., 2000) and a possible irolthe delay of apoptosis, with the
latter having been reported in cultured endothekls (Zoellner et al., 1996). The aim
of the study was thus to determine whether humdmunain (in the form of a
commercially available therapeutic formulation) Wwbulelay the onset of the platelet

storage lesion, with emphasis on markers indicaifven apoptosis-like process.

Statistical comparisons between the test groupg wet undertaken due to the small
number of replicates and the results from all thexegeriments are provided in the text,
(with the exception of unit platelet yield and vwie). Graphical representations of the
results are restricted to displaying the mean only.
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The four test groups are:
ALB-000-nn (no albumin added)
ALB-030-nn (30 mL albumin added; equivalent to dlg/
ALB-060-nn (60 mL albumin added; equivalent to dlg/
ALB-120-nn (120 mL albumin added: equivalent to/8Lg

(In each case, nn refers to a unique test number)

RESULTS

Platelet Yield and Volume

The mean platelet yield and volume for the fout tgsups are presented in table 4.1.
Although the small numbers in each group preclingeuse of a statistical comparison,
all the units met the specification for plateletlgi of =240 x 10 plts/unit set out in the
UK Guidelines for Transfusion Services (James, 200Be unit volumes also confirm
that the units in all four test groups were comsistat the start of the storage period. All
pools had residual white cell counts <1%1@it and all units were confirmed negative

for bacterial contamination at the end of storage.

Table 4.1: Platelet yield and unit volume prior to sampling

Test Group Platelet Yield (x10°/unit) Volume (mL)
ALB-000-nn 303 +29 337.5+5.0
ALB-030-nn 304 +17 341.8+7.6
ALB-060-nn 307 £16 3424 +41
ALB-120-nn 301 +22 338.6 £11.2

Data presented as mean £ SD (n=3)

Function and Morphology

Platelet Concentration

Platelet concentration in all four test groups wesy similar on days 2 and 3.
Subsequent to this, the platelet concentratiorhenthree albumin-containing groups
declined with storage in a dose-dependent mannigh, umits containing the highest
levels of albumin showing the most marked declBe.the end of storage on day 10,
mean concentrations in units containing 30 mL, @0amd 120 mL added albumin were

360 x 10/L, 260 x 1G/L and 169 x 18L, respectively (table 4.2). In contrast, units in
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the test group without albumin showed a minimalrdase towards the end of storage,

with mean day 10 levels of 840 x °II0 corresponding to 93.6% of the mean platelet

concentration on day 2 (897 x°1l0) (figure 4.1). A similar pattern of sustainedjglet

concentration throughout storage was present its ugiconstituted with plasma.
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Figure 4.1: Platelet concentration
(albumin study; mean, n=3)
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Table 4.2: Platelet concentration in albumin study

11

Platelet concentration (x10°%/L)
TEST NUMBER
DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 807 897 894 890 824
ALB-000-09 951 952 949 940 853
ALB-000-17 933 904 893 898 844
Mean 897 918 912 909 840
ALB-030-02 817 829 800 612 432
ALB-030-10 942 958 786 533 382
ALB-030-18 909 928 710 515 267
Mean 889 905 765 553 360
ALB-060-03 834 878 611 402 227
ALB-060-11 930 967 562 312 368
ALB-060-19 931 911 433 239 185
Mean 898 919 535 318 260
ALB-120-04 784 843 350 225 238
ALB-120-12 960 988 344 233 185
ALB-120-20 924 923 241 151 83
Mean 889 918 312 203 169

Mean Platelet Volume

As with the platelet concentration, the mean pédtelolume between the four test

groups was similar on days 2 and 3. Day 6 saw &edaincrease in MPV in all the

units containing albumin, with a suggestion that kiighest MPVs were present in the
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group with the highest concentration of albumimgifie 4.2). The rate of increase in
MPV declined between days 6 and 10, with mean sabreday 10 of 10.0, 10.1 and
10.4 fL in the groups containing 30 mL, 60 mL and01mL added albumin,
respectively. This may be due to the lysis of pédge— a conclusion corroborated by the
sharp decrease in platelet concentration in thests.uMean platelet volume also
increased after day 3 in the test group lackingiralp, but the increase was not as
marked and the mean MPV on day 10 peaked at Y@&file 4.3).
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Figure 4.2: Mean platelet volume
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Table 4.3: Mean platelet volume in albumin study

TEST Mean platelet volume (fL)

NUMBER DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 7.6 7.7 8.1 8.6 9.1
ALB-000-09 7.7 7.7 7.9 8.1 8.6
ALB-000-17 7.8 7.8 7.9 8.4 9.2

Mean 7.7 7.7 8.0 8.4 9.0
ALB-030-02 7.3 7.7 9.0 9.7 9.7
ALB-030-10 7.4 7.6 9.6 9.7 10.1
ALB-030-18 7.8 8.2 9.2 10.0 10.2

Mean 7.5 7.8 9.3 9.8 10.0
ALB-060-03 7.3 7.8 9.3 9.9 10.1
ALB-060-11 7.4 7.9 9.3 9.1 10.1
ALB-060-19 7.8 8.2 9.3 9.6 10.2

Mean 7.5 8.0 9.3 9.5 10.1
ALB-120-04 7.3 7.7 10.0 10.1 10.2
ALB-120-12 7.7 7.9 9.7 9.7 10.6
ALB-120-20 7.6 8.3 9.5 10.6 10.4

Mean 7.5 8.0 9.7 10.1 10.4
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Swirling

Swirling remained moderate throughout the storageod in the test group lacking

albumin, with all units having a score of 2. In theee test groups containing albumin,
swirling appeared stronger in days 2 and 3, witlrstmmits assigned a score of 3.
However, on day 6, units in these test groups sceitber 1 or 0 and by day 8, swirling
was judged to be absent in all units (table 4.4).ditinction was evident between the

three test groups with added albumin.

Table 4.4: Swirling in albumin study

TEST NUMBER Swirling
DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 2 2 2 2 2
ALB-000-09 2 2 2 2 2
| ALB-000-17 2 2 2 3 2
ALB-030-02 2 3 1 ) )
ALB-030-10 3 3 1 ) )
| ALB-030-18 3 3 1 0 0
ALB-060-03 3 3 1 ) )
ALB-060-11 3 3 1 ) )
| ALB-060-19 3 3 1 0 0
ALB-120-04 3 3 1 ) )
ALB-120-12 3 3 1 ) )
| ALB-120-20 3 3 0 0 0

Hypotonic Shock Response and Extent of Shape Change

The summary results for the hypotonic shock respaml the extent of shape change
are presented in tables 4.5 and 4.6. Values fdr it HSR and ESC parameters were
similar in all four test groups on days 2 and 3bsaquent to this, results for the three
test groups containing albumin were unreliable,edasn the pattern of the graph
output. Figure 4.3 illustrates the difficulties enatered, with representative HSR and
ESC results on days 2 and 10 for one of the unite @0 mL added albumin. By
contrast, the graphs from the test group lackimgiain were judged to be acceptable,
showing a gradual decrease in both parameters stdhage. Figures 4.4 and 4.5
compare the ESC and HSR results between the t@sp dgacking albumin and units re-
constituted in 100% plasma. In both cases, resgosteadily decline with storage. The
graphs also clearly display lower values for bodéingmeters in the units suspended in

additive solution compared with units re-suspenitiedutologous plasma, even though
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sample dilutions were prepared with autologousrpéas both cases. Lower values for
these assays have been reported in PCs suspendedadium of additive solution and
plasma (ratios of 70:30 and 80:20) compared to IRA90% plasma (Gulliksson et al.,
2003, Sandgren et al., 2008) and are likely rel&dtie performance of these assays in
a suspending medium other than plasma, as suggegt&dndgren et al (Sandgren et

al., 2008), possibly in combination with the haustit processing methodology.

ESC HSR

ALB-030-18
Day 2
ALB-030 18 = 21/0?1201‘
Ay 2
21 /6 H 2010
Esc HSR = S P e e S - N‘L‘ Pt AR b, 4
EEcEeesee e e | ALB-030-18
e EESESESSses S : Day 10
AiB -8 - = S : ZE====is 21/01/201!
TAY 1O
29/@1/20/0 TH !

Figure 4.3: ESC and HSR outputs for ALB-030-18 on days 2 and 10 (all results in
duplicate) illustrating the difficulties of interpreting results after day 3 in the test
groups containing albumin.
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Figure 4.4: Hypotonic shock
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Figure 4.5: Extent of shape change
(albumin study; mean, n=3 except
for day 2 in 100% plasma, where

11

n=2)

Table 4.5: Hypotonic shock response in albumin study

TEST Hypotonic shock response (%)

NUMBER DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 44.6 45.0 31.7 29.3 30.0
ALB-000-09 375 28.2 23.1 29.9 235
ALB-000-17 314 39.2 49.2 26.7 24.8

Mean 37.8 37.5 34.7 28.6 26.1
ALB-030-02 37.1 49.3 NM NM NM
ALB-030-10 325 28.7 NM NM NM
ALB-030-18 38.2 325 NM NM NM

Mean 35.9 36.8 N/A N/A N/A
ALB-060-03 32.3 36.9 NM NM NM
ALB-060-11 35.2 25.3 NM NM NM
ALB-060-19 32.9 334 NM NM NM

Mean 335 31.9 N/A N/A N/A
ALB-120-04 40.3 42.0 NM NM NM
ALB-120-12 37.1 36.0 NM NM NM
ALB-120-20 40.8 39.6 NM NM NM

Mean 394 39.2 N/A N/A N/A

NM: Not measured (graph not accepted)

N/A: Not applicable
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Table 4.6: Extent of shape change in albumin study

TEST Extent of shape change (%)

NUMBER DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 20.7 18.0 14.1 10.7 8.2
ALB-000-09 21.1 15.0 13.0 13.4 11.6
ALB-000-17 19.8 18.6 13.9 11.3 8.7

Mean 205 17.2 13.7 11.8 9.5
ALB-030-02 17.5 20.0 NM NM NM
ALB-030-10 19.0 15.2 NM NM NM
ALB-030-18 20.0 18.7 2.3 NM NM

Mean 18.8 18.0 N/A N/A N/A
ALB-060-03 18.1 19.1 NM NM NM
ALB-060-11 19.8 17.4 NM NM NM
ALB-060-19 19.2 16.7 NM NM NM

Mean 19.0 17.7 N/A N/A N/A
ALB-120-04 20.0 18.1 NM NM NM
ALB-120-12 12.8 16.3 NM NM NM
ALB-120-20 20.5 18.9 NM NM NM

Mean 17.8 17.8 N/A N/A N/A

NM: Not measured (graph not accepted)

N/A: Not applicable
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Platelet Metabolism

PH 37°c)

From day 2, plts-c)levels were markedly lower in the units containaligumin, with a
dose-dependent effect apparent from day Zs7djlevels reached a minimum on day 6
in the albumin-containing test groups, with meavele of 6.730, 6.699 and 6.648 in
groups containing 30 mL, 60 mL and 120 mL of albamespectively. After day 6,
levels marginally increased (figure 4.6). Contreoythe pattern noted in the other three
test groups, units without albumin showed a gradledrease in pgh-c) throughout
storage, but due to the higher levels at the sfattte storage period, levels in all three
units in this test group remained above 6.9 onHaytable 4.7). A similar pattern was
present in units re-constituted in plasma, withdReeption of a modest increase at the

beginning of the storage period.
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Table 4.7: pH (37°C) in albumin study

TEST pH (37°C)

NUMBER DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 7.227 7.214 7.114 7.001 6.944
ALB-000-09 7.241 7.218 7.115 7.020 6.968
ALB-000-17 7.273 7.262 7.167 7.068 6.937

Mean 7.247 7.231 7.132 7.030 6.950
ALB-030-02 7.123 7.014 6.705 6.763 6.779
ALB-030-10 7.078 6.921 6.734 6.777 6.792
ALB-030-18 7.079 6.895 6.752 6.788 6.799

Mean 7.093 6.943 6.730 6.776 6.790
ALB-060-03 7.036 6.884 6.693 6.729 6.743
ALB-060-11 7.002 6.828 6.686 6.721 6.731
ALB-060-19 6.998 6.797 6.717 6.744 6.752

Mean 7.012 6.836 6.699 6.731 6.742
ALB-120-04 6.968 6.801 6.609 6.632 6.641
ALB-120-12 6.927 6.719 6.623 6.648 6.655
ALB-120-20 6.877 6.657 6.713 6.736 6.740

Mean 6.924 6.726 6.648 6.672 6.679
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Glucose and Lactate

The glucose levels decreased in the units contialbumin, with all the exogenous
glucose consumed by day 6 in all three groups. ddwease was more gradual in the
units without added albumin, with all glucose deégdeby day 10 (figure 4.7). The
concentration of glucose added was 15 mmol/L arddh in glucose, in the absence of
albumin, was similar to that seen in other expentmavhere glucose was also depleted

at day 10 (figure 5.6). The pattern was mirroreddntate concentrations, with levels

reaching a plateau in test groups containing albuatiapproximately 24 mmol/L on

day 6, coincident with the depletion of glucoseayfe 4.8). Lactate levels in units

lacking albumin continued to increase throughoaotagje, to a mean level of 19 mmol/L

on day 10 (table 4.9).
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Figure 4.7: Glucose levels
(albumin study; mean, n=3)

Figure 4.8: Lactate levels
(albumin study; mean, n=3)

128



Table 4.8: Glucose levels in albumin study

TEST Glucose concentration (mmol/L)

NUMBER DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 8.9 8.6 5.3 2.3 0.0
ALB-000-09 9.4 8.7 4.9 2.1 0.0
ALB-000-17 12.3 114 7.5 4.3 0.8

Mean 10.2 9.6 5.9 2.9 0.3
ALB-030-02 10.7 8.2 0.0 0.0 0.0
ALB-030-10 10.5 6.4 0.0 0.0 0.0
ALB-030-18 9.8 5.7 0.0 0.0 0.0

Mean 10.3 6.8 0.0 0.0 0.0
ALB-060-03 9.7 6.3 0.0 0.0 0.0
ALB-060-11 9.8 54 0.0 0.0 0.0
ALB-060-19 9.3 4.5 0.0 0.0 0.0

Mean 9.6 5.4 0.0 0.0 0.0
ALB-120-04 9.2 5.9 0.0 0.0 0.0
ALB-120-12 9.6 4.3 0.0 0.0 0.0
ALB-120-20 6.4 1.4 0.0 0.0 0.0

Mean 8.4 3.9 0.0 0.0 0.0

Table 4.9: Lactate levels in albumin study

TEST Lactate concentration (mmol/L)

NUMBER DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 1.8 35 10.0 15 19
ALB-000-09 2.3 4.0 10.2 16 20
ALB-000-17 2.0 3.9 10.7 15 19

Mean 2.0 3.8 10.3 15 19
ALB-030-02 4.8 10.3 26 26 25
ALB-030-10 6.1 12.8 25 25 26
ALB-030-18 6.2 14.1 22 22 21

Mean 5.7 12.4 24 24 24
ALB-060-03 6.9 14.4 26 26 25
ALB-060-11 7.8 16 25 26 26
ALB-060-19 8.0 17 22 22 21

Mean 7.6 15.8 24 25 24
ALB-120-04 7.5 17 27 26 26
ALB-120-12 8.9 18 25 26 27
ALB-120-20 9.3 18 19 19 19

Mean 8.6 18 24 24 24
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Glucose consumption initially increased in the ggsiup lacking albumin from a mean
rate of 0.69 mmol/L/day/Ifplts between days 2 and 3 to 1.65 mmol/L/da¥iles
between days 6 and 8. Beyond day 8, a slight deer@as observed to a mean rate of
1.51 mmol/L/day/1&plts (table 4.10). This pattern was replicated e tlactate
production rates for the same units, with a maximunean rate of 2.76
mmol/L/day/13%plts between days 6 to 8, and was similar to thesran plasma-
reconstituted units (figures 4.9 and 4.10). In & groups containing albumin, initial
rates of glucose consumption and lactate producstiere markedly higher than in the
units lacking albumin, with mean rates between dagsd 3 in units with 30 ml added
albumin of 3.94 mmol/L/day/f6plts and 7.45 mmol/L/day/1fplts, respectively. Rates
sharply declined as the stores of exogenous glua@se consumed, with no further
lactate production beyond day 6 coincident withdbpletion of glucose stores.
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Figure 4.9: Glucose consumption
(albumin study; mean, n=3)
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Figure 4.10: Lactate production
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Table 4.10: Glucose consumption in albumin study

TEST NUMBER

Glucose consumption (mmol/L/day/10*plts)

DAY 2-3 DAY 3-6 DAY 6-8 DAY 8-10

ALB-000-01 0.35 1.23 1.68 1.34
ALB-000-09 0.74 1.33 1.48 1.17
ALB-000-17 0.98 1.45 1.79 2.01

Mean 0.69 1.34 1.65 1.51
ALB-030-02 3.04 3.36 0.00 0.00
ALB-030-10 4.32 2.45 0.00 0.00
ALB-030-18 4.46 2.32 0.00 0.00

Mean 3.94 2.71 0.00 0.00
ALB-060-03 3.97 2.82 0.00 0.00
ALB-060-11 4.64 2.35 0.00 0.00
ALB-060-19 521 2.23 0.00 0.00

Mean 4.61 2.47 0.00 0.00
ALB-120-04 4.06 3.30 0.00 0.00
ALB-120-12 5.44 2.15 0.00 0.00
ALB-120-20 541 0.80 0.00 0.00

Mean 4.97 2.08 0.00 0.00

Table 4.11: Lactate production in albumin study
TEST NUMBER Lactate production (mmol/L/day/10**plts)
DAY 2-3 DAY 3-6 DAY 6-8 DAY 8-10

ALB-000-01 2.00 2.42 2.80 2.33
ALB-000-09 1.79 2.17 3.07 2.23
ALB-000-17 2.07 2.52 2.40 2.30

Mean 1.95 2.37 2.76 2.29
ALB-030-02 6.68 6.43 0.00 -0.96
ALB-030-10 7.05 4.66 0.00 1.09
ALB-030-18 8.60 3.22 0.00 -1.28

Mean 7.45 4.77 0.00 -0.38
ALB-060-03 8.76 5.19 0.00 -1.59
ALB-060-11 8.65 3.92 1.14 0.00
ALB-060-19 9.77 2.48 0.00 -2.36

Mean 9.06 3.87 0.38 -1.32
ALB-120-04 11.68 5.59 -1.74 0.00
ALB-120-12 9.34 3.50 1.73 2.39
ALB-120-20 9.42 0.57 0.00 0.00

Mean 10.15 3.22 0.00 0.80
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Bicarbonate

The concentration of bicarbonate mirrored the pattgbserved with glucose, with

levels decreasing more rapidly in units with addésmimin until day 6 (figure 4.11). By

contrast, bicarbonate levels steadily decreasashits without added albumin from a

similar mean concentration on day 1 of 14.05 mmu#/5.13 mmol/L by day 10 (table
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Table 4.12: Bicarbonate levels (37°C) in albumin study

Figure 4.11: Bicarbonate levels
(37°C)
(albumin study; mean, n=3)

TEST Bicarbonate concentration (mmol/L)

NUMBER DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 11.99 12.04 9.24 6.56 4.95
ALB-000-09 13.58 12.78 9.74 7.13 5.14
ALB-000-17 16.56 15.26 11.22 8.32 5.29

Mean 14.05 13.36 10.07 7.33 5.13
ALB-030-02 14.95 12.07 3.01 1.29 1.16
ALB-030-10 15.13 11.10 2.17 1.25 0.75
ALB-030-18 14.80 10.28 1.90 0.88 0.56

Mean 14.96 11.15 2.36 1.14 0.82
ALB-060-03 14.92 10.61 1.97 1.13 0.91
ALB-060-11 14.59 9.94 1.78 0.92 0.65
ALB-060-19 14.90 9.46 1.45 0.75 0.48

Mean 14.80 10.00 1.73 0.93 0.68
ALB-120-04 14.09 9.54 1.40 0.87 1.08
ALB-120-12 15.19 8.92 1.53 0.82 0.79
ALB-120-20 11.80 6.46 1.27 0.78 0.53

Mean 13.69 8.31 1.40 0.82 0.80
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Blood Gases

The partial pressures of oxygen and carbon dioxidéhe albumin-containing test
groups showed markedly different patterns overtéimedays of storage compared with
non-albumin units (figures 4.12 and 4.13).,p®&c) levels were higher in all three
albumin-containing test groups throughout the gferperiod with a suggestion of a
dose-dependent effect on days 2 and 3, with meap4&of 21.1 kPa in units with 120
mL albumin compared with 18.6 kPa in units with 80 added albumin. By day 6,
levels plateau at maximum mean values of approxinal4-25 kPa, suggesting an
equilibration of pQ with atmospheric partial pressure of oxygen. In-atbumin units,
pPOxia7ec) levels increased steadily after day 3 (mean@@,of 13.7 kPa), reaching a
mean value on day 10 of 17.3 kPa (table 4.13). 629 levels were also higher at the
start of storage in albumin-containing units, wahsimilar suggestion of a dose-
dependent effect. However, between days 3 andvélslesteeply declined, with mean
values below 1 kPa by day 8 in all three test gsowjth added albumin (figure 4.13).
By contrast, pC@srec)levels in non-albumin-containing units decreasetigally from
mean values of 3.91 kPa on day 2 to 2.84 kPa byi@gyable 4.14).
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Table 4.13: Partial pressure of oxygen in albumin study

TEST pO, (37°C) (kPa)

NUMBER DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 14.6 14.2 15.3 16.0 17.6
ALB-000-09 13.0 13.0 14.8 16.2 16.8
ALB-000-17 13.6 13.8 15.7 17.3 17.6

Mean 13.7 13.7 15.3 16.5 17.3
ALB-030-02 16.9 18.7 22.8 24.2 24.6
ALB-030-10 18.1 20.4 24.5 24.9 24.8
ALB-030-18 20.8 21.7 24.8 25.3 24.2

Mean 18.6 20.3 24.0 24.8 245
ALB-060-03 18.8 20.7 24.3 24.7 24.9
ALB-060-11 19.7 21.6 24.8 25.0 24.8
ALB-060-19 22.0 22.7 25.2 25.2 24.5

Mean 20.2 21.7 24.8 25.0 24.7
ALB-120-04 20.2 21.8 24.2 24.7 24.7
ALB-120-12 21.0 22.6 24.7 24.8 24.7
ALB-120-20 22.0 22.8 25.0 25.2 24.2

Mean 21.1 22.4 24.6 24.9 24.5

Table 4.14: Partial pressure of carbon dioxide in albumin study

TEST pCO; (37°C) (kPa)

NUMBER DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 3.51 3.63 3.51 3.23 2.78
ALB-000-09 3.85 3.82 3.69 3.36 2.73
ALB-000-17 4.36 4.12 3.77 3.51 3.02

Mean 3.91 3.86 3.66 3.37 2.84
ALB-030-02 5.56 5.77 2.93 1.10 0.95
ALB-030-10 6.24 6.57 1.98 1.03 0.60
ALB-030-18 6.09 6.46 1.66 0.71 0.44

Mean 5.96 6.27 2.19 0.95 0.66
ALB-060-03 6.78 6.84 1.97 1.04 0.81
ALB-060-11 7.17 7.29 1.81 0.86 0.60
ALB-060-19 7.39 7.45 1.37 0.67 0.42

Mean 7.11 7.19 1.72 0.86 0.61
ALB-120-04 7.49 7.45 1.70 1.00 1.22
ALB-120-12 8.87 8.41 1.80 0.91 0.86
ALB-120-20 7.73 7.02 1.21 0.71 0.48

Mean 8.03 7.63 1.57 0.87 0.85
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Oxygen consumption rates were relatively stablinétest group lacking albumin, with
mean values of 0.17 nmol/minPlts on day 10 compared with 0.23 nmol/mirtles
on day 2, with a similar pattern observed from simg-constituted in plasma (figure
4.14). Rates were lower throughout the storageogen units containing albumin, with
mean values on day 2 ranging between 0.08 nmoll@fpits in units with 120 mL
albumin to 0.13 nmol/min/fPlts in units with 30 ml albumin (table 4.15). Oxyy
consumption had essentially ceased in units cangaialbumin after day 6 of storage
(figure 4.14).
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Table 4.15: Oxygen consumption rate in albumin study (22°C)
Oxygen consumption rate (nmol/min/10°plts)
TEST NUMBER
DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 0.24 0.22 0.20 0.19 0.16
ALB-000-09 0.23 0.23 0.20 0.17 0.18
ALB-000-17 0.22 0.23 0.19 0.16 0.16
Mean 0.23 0.23 0.20 0.17 0.17
ALB-030-02 0.18 0.14 0.05 0.02 0.01
ALB-030-10 0.13 0.09 0.01 0.00 0.00
ALB-030-18 0.08 0.06 0.00 -0.02 0.05
Mean 0.13 0.10 0.02 0.00 0.02
ALB-060-03 0.14 0.09 0.02 0.01 0.00
ALB-060-11 0.10 0.06 0.00 -0.01 0.00
ALB-060-19 0.06 0.04 -0.01 -0.02 0.04
Mean 0.10 0.07 0.00 -0.01 0.01
ALB-120-04 0.11 0.07 0.04 0.02 0.01
ALB-120-12 0.08 0.04 0.01 0.01 0.02
ALB-120-20 0.05 0.04 -0.01 -0.04 0.15"
Mean 0.08 0.05 0.01 -0.01 0.06

* Outlier value related to low platelet concentration
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ATP and ADP Levels

ATP levels moderately declined with storage in sitéicking albumin, decreasing from
mean levels of 5.56 pmol/APlts on day 2 to 3.44 pmol/APlts by the end of storage,
corresponding to 62% of day 2 levels. A similardyral decrease in ATP was noted
from days 2 to 3 in the albumin test groups, withuaits maintaining ATP levels above
4 umol/16plts. Beyond this time point, ATP levels decreastply in all test groups
containing albumin (figure 4.15). By day 6, meanFAlEvels were 1.05, 0.49 and 0.43
pumol/10plts in units with 30 mL, 60 mL and 120 mL addekluahin, respectively, and
continued to decline to corresponding mean valwesnd of storage of 0.30, 0.16 and
0.19 pmol/18'plts (table 4.16).
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Table 4.16: Adenosine triphosphate levels in albumin study

TEST ATP (umol/10*'plts)

NUMBER DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 5.67 4.84 4.92 4.23 3.62
ALB-000-09 6.49 4.88 6.20 4.62 3.0
ALB-000-17 451 4.26 3.64 3.73 3.59

Mean 5.56 4.66 4.92 4.19 3.43
ALB-030-02 5.37 4.87 1.56 0.52 0.40
ALB-030-10 5.87 5.26 0.94 0.40 0.28
ALB-030-18 5.00 4.89 0.65 0.34 0.22

Mean 5.41 5.01 1.05 0.42 0.30
ALB-060-03 5.66 4.53 0.55 0.28 0.19
ALB-060-11 5.88 5.05 0.54 0.27 0.21
ALB-060-19 4.42 451 0.37 0.25 0.10

Mean 5.32 4.70 0.49 0.26 0.16
ALB-120-04 5.33 5.07 0.55 0.25 0.19
ALB-120-12 5.91 5.01 0.45 0.28 0.21
ALB-120-20 5.01 5.30 0.28 0.20 0.17

Mean 5.42 5.13 0.43 0.24 0.19

ADP levels decreased with storage in all test gspwmpth similar day 2 levels ranging
from mean levels of 3.40 pmol/APlts in units with no albumin to 4.13 pmolfpits

in units with 30 ml albumin (table 4.17). In thestgroups with added albumin, mean
levels had decreased by day 10 to 0.40, 0.41 &®i0mol/16plts in units with 120
mL, 60 mL and 30 mL albumin, respectively; equatiogapproximately 11.5% of
levels on day 2. Although ADP levels also decreasgti storage in units lacking
albumin, levels remained at 49% of day 2 levelselgl of storage (mean of 1.66
numol/10plts) (figure 4.16).
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Figure 4.16: ADP levels
(albumin study; mean, n=3; except
for ALB-030-nn day 3; ALB-120-nn
days 2 and 3 where n=2)

Table 4.17: Adenosine diphosphate levels in albumin study

TEST ADP (umol/lollplts)

NUMBER DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 3.31 1.91 2.09 1.99 1.79
ALB-000-09 3.04 3.35 2.78 1.06 2.18
ALB-000-17 3.84 3.32 1.65 1.59 1.01

Mean 3.40 2.86 2.17 1.54 1.66
ALB-030-02 3.54 3.43 2.00 1.01 0.59
ALB-030-10 4.45 3.05 1.68 0.75 0.64
ALB-030-18 4.41 10.07* 1.32 0.59 0.34

Mean 4.13 3.24" 1.67 0.78 0.52
ALB-060-03 2.90 2.13 1.31 0.76 0.52
ALB-060-11 3.96 3.72 0.89 0.51 0.45
ALB-060-19 4.81 3.42 0.58 0.33 0.26

Mean 3.89 3.09 0.92 0.53 0.41
ALB-120-04 2.81 3.77 1.17 0.59 0.45
ALB-120-12 4.07 4.55 0.83 0.51 0.40
ALB-120-20 14.86* 11.57* 0.67 0.38 0.35

Mean 3.44" 4.16" 0.89 0.49 0.40

*: Results considered outliers and not used in mean calculation or graph

# Mean n=2
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Platelet Activation

Surface Expression and Soluble Levels of CD62P

The percentage of platelets expressing CD62P on2denged from mean levels of
76.81% in the test group with no albumin to 84.1B%anits with 30 mL albumin.
Percent positive expression remained relativellglstan the test group with no albumin,
increasing marginally to a mean value of 85.49%nat of storage (table 4.18). In units
containing albumin, the suggestion of a dose-depeindesponse during the early
storage period was evident from day 6 (figure 4. M@an values on day 6 in these
three test groups were 92.65, 89.77 and 78.12%its with 30 mL, 60 mL and 120
mL added albumin, respectively. CD62P expressiaedsed from this time point in
all three groups in a dose-dependent pattern,tneglih mean day 10 values of 81.52,
62.01 and 48.70% in units with 30 mL, 60 mL and t#0albumin, respectively.
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Table 4.18: Surface expression of CD62P in albumin study (percent positive

expression)

Surface CD62P expression (% positive)

TEST
NUMBER DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 77.95 82.96 85.36 85.23 87.22
ALB-000-09 73.27 80.08 82.77 83.12 84.98
ALB-000-17 79.22 83.89 85.93 83.46 84.27
Mean 76.81 82.31 84.69 83.94 85.49
ALB-030-02 85.06 89.08 92.73 94.60 86.71
ALB-030-10 83.17 87.05 94.07 90.25 83.62
ALB-030-18 84.16 85.39 91.16 85.20 74.22
Mean 84.13 87.17 92.65 90.02 81.52
ALB-060-03 84.89 88.18 92.14 82.94 66.74
ALB-060-11 82.56 85.19 90.35 75.48 63.70
ALB-060-19 84.24 85.87 86.83 62.78 55.58
Mean 83.90 86.41 89.77 73.73 62.01
ALB-120-04 82.19 83.28 82.19 78.23 46.41
ALB-120-12 79.10 81.73 75.93 53.28 39.30
ALB-120-20 78.72 79.06 76.23 43.68 60.38
Mean 80.00 80.36 78.12 58.40 48.70

Surface CD62P expression reported as the mediamefaence intensity increased

initially in units lacking albumin up to day 6 (meaMFI of 3.70) before showing a

slight decrease during the remainder of the stopsgi®d, resulting in a mean value on
day 10 of 3.37 (table 4.19). In units with 120 mhuanin, MFI decreased progressively
with storage from a mean value on day 2 to of 24 mean day 10 value of 1.44.
Units with 30 mL and 60 mL albumin showed a measreéase in MFI values between

days 2 to 3 which subsequently decreased to vadiesar to units with 120 mL

albumin by day 10 of storage (figure 4.18).
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Figure 4.18: Median
fluorescence intensity of CD62P
(albumin study; mean, n=3)

Table 4.19: Surface expression of CD62P in albumin study (median fluorescence

intensity)
TEST Surface CD62P expression (median fluorescence intensity)
NUMBER DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 2.38 3.21 4.02 4.02 3.64
ALB-000-09 2.12 2.73 3.64 3.54 3.36
ALB-000-17 2.07 2.75 3.45 3.24 3.12
Mean 2.19 2.90 3.70 3.60 3.37
ALB-030-02 2.91 3.61 2.96 2.71 1.92
ALB-030-10 2.61 3.12 2.66 2.03 1.49
ALB-030-18 2.45 2.80 2.08 1.58 1.25
Mean 2.66 3.18 2.57 2.11 1.55
ALB-060-03 3.10 3.27 2.38 1.84 1.49
ALB-060-11 2.56 2.75 1.94 1.69 1.68
ALB-060-19 2.49 2.47 1.71 1.40 1.11
Mean 2.72 2.83 2.01 1.64 1.43
ALB-120-04 2.52 2.34 1.94 1.52 1.43
ALB-120-12 2.20 2.05 2.07 2.01 1.90
ALB-120-20 2.01 1.82 1.56 1.73 1.00
Mean 2.24 2.07 1.86 1.75 1.44
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Soluble CD62P levels on day 2 were similar in allirftest groups, with mean levels

ranging from 35.94 ng/mL in units with no addeduaitin to 37.67 ng/mL in units with

30 mL albumin (table 4.20). Levels increased intedit groups after day 3, though the

rate of increase was higher in the albumin-contgninits. By day 10, mean values in

units lacking added albumin were 101.83 ng/mL, carag to 210.92 ng/mL and

200.80 ng/mL in units with 30 mL and 60 mL albumiaspectively. Units with the

highest concentration of alboumin showed a more stoiderease to a mean day 10 level

of 162.18 ng/mL. The dose-dependent pattern ofasarfCD62P expression most

clearly illustrated by the percent positive expi@ssvas not as evident with the soluble

marker.
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Table 4.20: Soluble CD62P levels in albumin study

TEST Soluble CD62P levels (ng/mL)

NUMBER DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 35.40 38.75 76.95 86.55 101.45
ALB-000-09 28.55 35.91 60.58 77.10 99.95
ALB-000-17 43.87 52.76 80.78 96.69 104.10

Mean 35.94 42.47 72.77 86.78 101.83
ALB-030-02 43.10 57.61 86.55 134.82 212.71
ALB-030-10 28.12 40.53 101.59 179.46 219.88
ALB-030-18 41.79 50.75 112.04 182.46 200.18

Mean 37.67 49.63 100.06 165.58 210.92
ALB-060-03 42.36 49.02 110.39 184.40 227.13
ALB-060-11 30.43 42.69 121.73 178.42 185.87
ALB-060-19 38.98 45.91 148.20 176.87 189.38

Mean 37.26 45.87 126.77 179.90 200.80
ALB-120-04 37.98 45.85 99.09 133.87 153.73
ALB-120-12 32.45 39.37 123.08 158.53 172.20
ALB-120-20 37.82 43.87 136.09 164.84 160.62

Mean 36.08 43.03 119.42 152.41 162.18
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Indicators of Cell Death

Annexin V Binding

The percentage of platelets binding annexin V ifalr test groups was similar at the
start of storage, with mean values on days 2 aonfl &proximately 11 to 12%. After
day 3, there was a significant increase in thegréage positive expression in all three
albumin-containing groups, with levels exceedingBy day 6 in units with 60 mL
and 120 mL added albumin (figures 4.20 and 4.2%)c@ntrast, the test group with no
added albumin showed only a modest increase ipeéheent positive expression by day
8 (mean value 17.04%), after which there was a mabely enhanced increase to a

mean level of 30.5% by the end of storage (tal2& ).
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Figure 4.21: Annexin V binding expressed as percentage positive expression (albumin study;
representative sample with 60 mL added albumin), illustrating the marked increase in the
percentage of platelets expressing aminophospholipids on their surface by day 6 in units with

added albumin

Table 4.21: Annexin V binding in albumin study (percent positive expression)

Annexin V binding (% positive expression)

TEST
NUMBER DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 7.50 8.11 11.02 11.73 30.20
ALB-000-09 7.60 7.94 12.65 16.04 35.23
ALB-000-17 19.48 19.93 21.91 23.35 26.12
Mean 11.53 11.99 15.19 17.04 30.52
ALB-030-02 7.30 9.36 63.54 92.48 94.14
ALB-030-10 9.10 10.11 90.10 93.86 98.09
ALB-030-18 18.62 16.96 89.31 95.38 98.34
Mean 11.67 12.14 80.98 93.91 96.86
ALB-060-03 8.44 7.45 93.50 94.84 96.88
ALB-060-11 8.80 11.45 94.32 96.19 98.13
ALB-060-19 17.61 15.54 93.82 94.09 98.54
Mean 11.62 11.48 93.88 95.04 97.85
ALB-120-04 8.30 7.22 92.04 96.51 96.57
ALB-120-12 13.04 15.79 92.72 95.88 97.36
ALB-120-20 16.16 15.21 94.54 95.82 98.07
Mean 12.50 12.74 93.10 96.07 97.33
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Annexin V binding expressed as the mean fluoreseémensity did not result in the
marked differences between the albumin and nonraillicontaining test groups
described above for the percent positive expressimugh the test group lacking added
albumin showed a generally lower MFI and a mordlstpattern throughout storage
(figure 4.22). Mean MFI expression increased mdgestthese units from 35.6 on day
2 to 41.7 by end of storage. The test groups coimgialbumin showed an increase in
MFI from days 2 to 6, beyond which MFI stabilised moderately decreased. Units
with 120 mL added albumin displayed the most markedease in MFI, with a mean
value of 29.2 on day 3 increasing to a maximumG8&y day 6 before decreasing to a

mean of 55.0 by end of storage.
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Table 4.22: Annexin V binding in albumin study (mean fluorescence intensity)

TEST NUMBER

Annexin V binding (mean fluorescence intensity)

DAY 2 DAY 3 DAY 6 DAY 8 DAY 10

ALB-000-01 38.6 33.3 45.0 39.4 44.2
ALB-000-09 32.8 36.4 38.9 41.5 42.1
ALB-000-17 35.5 37.9 39.5 39.1 38.9

Mean 35.6 35.9 41.1 40.0 41.7
ALB-030-02 36.2 34.3 57.5 45.2 43.2
ALB-030-10 36.2 38.2 52.8 46.6 49.5
ALB-030-18 31.0 36.9 48.2 42.5 40.2

Mean 34.5 36.5 52.8 44.8 443
ALB-060-03 37.6 38.1 48.9 44.5 43.9
ALB-060-11 34.7 35.3 48.2 54.1 59.5
ALB-060-19 30.3 37.4 51.6 36.0 41.9

Mean 34.2 36.9 49.6 44.9 48.4
ALB-120-04 28.4 31.2 56.3 58.5 46.5
ALB-120-12 26.6 30.4 61.1 69.0 62.9
ALB-120-20 32.7 37.5 64.9 58.3 55.5

Mean 29.2 33.0 60.8 61.9 55.0
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Figure 4.23 illustrates the four species of PErdstd 12S-HETES detected by the mass
spectrometric assay. The assay identifies PE- eeS&ified 15-HETESs that normally
remain associated with the plasma membrane, wehvénious forms identified by the
mass/charge ratio of characteristic daughter ions.

MwW = 783.6. 18:0a / 12-HETE-PE

Figure 4.23: Four PE-esterified isoforms of 12S-HETE. (Biotinylation of the sample adds 226.3
amu to the mass.lonisation for mass spectrometric measurements reduces the amu by 1 due to
the loss of a hydrogen ion. In addition,the values for the isoforms presented in the graphs
represent the un-oxidised substrate lipid. This accounts for the molecular weight differences
quoted above and the values presented on the graphs) (O'Donnell and Murphy, 2012).

Figure 4.24 shows the concentrations of the foussphatidylethanolamine and one
phosphatidylserine aminophospholipids known to beressed on the surface of
platelets following activation. Results for the tinglated samples of one representative
experiment are reported as the ratio of analy@tanternal standard. On days 2 and 3,
the expression of the four PE phospholipids renthireatively low in all four test
groups. Between days 3 and 6, the expression oinREe three albumin-containing
units increased markedly and generally remainedislevated level for the remainder
of the storage period. In contrast, the relatively levels of expressed PE in the unit
lacking albumin were retained throughout the terysdaf storage, reflecting the
relatively low percent positive results obtainedhathe annexin V binding assay. With
PS, the pattern suggests a progressive increasmgentration with storage. Although
the levels of PS in the unit lacking albumin renegirbelow those of the albumin-
containing units after day 3, levels of PS contahte increase with storage in this unit

as well.
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Mitochondrial Membrane Potential

Day 2 levels of mitochondrial membrane potentiatevgmilar for all four test groups,
with mean red/green fluorescence ratios of 8.5.00a®d a decrease evident in all four
groups from day 2. The rate of decline was markedtyeased with the addition of
albumin - all three of these test groups attainengninimal ratio of 2.7 by day 6
(considered as the limit of the assay). A meammati3.3 was noted in the non-albumin
containing test group by end of storage (table }4.ZBis decrease in potential with

storage, suggested by the decrease in the flusresaatio, was not evident with the
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units re-constituted in plasma, which showed atikelly minor decrease in the ratio

with storage (figure 4.25).
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Figure 4.25: Mitochondrial
membrane potential expressed as
fluorescence of red/green
fluorescence with JC-1 (albumin
study; mean, n=3)

Table 4.23: Mitochondrial membrane potential in albumin study

TEST MMP (median red/green JC-1 fluorescence)

NUMBER DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 9.1 8.9 7.6 6.6 31
ALB-000-09 9.2 85 7.6 6.3 3.2
ALB-000-17 7.9 7.6 5.9 3.9 3.7

Mean 8.7 8.3 7.0 5.6 3.3
ALB-030-02 9.1 7.9 2.8 2.7 2.7
ALB-030-10 9.3 8.8 2.7 2.7 2.7
ALB-030-18 8.7 7.4 2.7 2.7 2.7

Mean 9.0 8.1 2.7 2.7 2.7
ALB-060-03 9.1 85 2.7 2.7 2.7
ALB-060-11 9.3 8.4 2.7 2.7 2.7
ALB-060-19 7.8 7.6 2.7 2.7 2.7

Mean 8.7 8.1 2.7 2.7 2.7
ALB-120-04 9.3 8.0 2.7 2.8 2.7
ALB-120-12 8.3 7.3 2.7 2.7 2.7
ALB-120-20 7.8 6.7 2.7 2.7 2.7

Mean 8.5 7.3 2.7 2.7 2.7
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Intracellular free calcium

Levels of intracellular free calcium were minimalall four test groups on days 2 and 3,
with mean Fluo-4/FuraRed ratios of 0.23 to 0.27umts with 120 mL and 30 mL
albumin, respectively. (By comparison, mean ratiogontrol samples prepared with
the calcium ionophore A23187 were 9.60 and 10.4thénsame test groups). Ratios in
units without added albumin remained low throughstairage, increasing marginally
between days 8 and 10 to a mean of 0.39 and nmnigdhie results obtained with units
re-constituted in plasma (figure 4.26). In unitshwadded albumin, ratios increased
after day 3 in a dose-dependent manner, with tigbesit concentration of albumin
resulting in the highest levels of free calcium. avieratios in units with 120 mL
albumin reached a maximum on day 8 of 8.75, beflmereasing to 6.40 on day 10.
Units with 60 ml albumin followed a similar patterattaining a lower mean ratio of
6.60 on day 8. Units with 30 mL albumin attainechaximum mean ratio of 5.65 on
day 10 (table 4.24).
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Figure 4.26: Intracellular free calcium
expressed as fluorescence of fluo-4/
FuraRed fluorescence
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Table 4.24: Intracellular free calcium in albumin study

TEST Intracellular free calcium (Fluo-4/FuraRed)

NUMBER DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-01 0.19 0.23 0.20 0.20 0.29
ALB-000-09 0.32 0.28 0.29 0.31 0.49
ALB-000-17 0.27 0.28 0.27 0.27 0.40

Mean 0.26 0.26 0.25 0.26 0.39
ALB-030-02 0.22 0.23 0.68 3.80 4.20
ALB-030-10 0.33 0.29 2.09 5.86 7.78
ALB-030-18 0.27 0.28 2.72 5.63 4.98

Mean 0.27 0.27 1.83 5.10 5.65
ALB-060-03 0.23 0.22 3.30 7.40 4.40
ALB-060-11 0.28 0.29 4.44 6.70 7.55
ALB-060-19 0.24 0.30 4.95 571 6.05

Mean 0.25 0.27 4.23 6.60 6.00
ALB-120-04 0.20 0.21 5.10 6.20 5.30
ALB-120-12 0.29 0.36 6.30 7.76 7.60
ALB-120-20 0.21 0.26 5.93 12.30 6.31

Mean 0.23 0.28 5.78 8.75 6.40

DISCUSSION

The study investigated the impact on platelet vitro characteristics of adding
exogenous albumin to an artificial storage mediwth the inclusion of albumin

expected to confer a beneficial effect on plateiability over the course of the ten-day
storage period. The hypothesis was not upheld byrdsults, with the presence of
albumin in the storage medium having a detrimeeféct on all the parameters
measured. Early indications were evident in the suess for metabolism. Relatively
high pCQ levels in albumin-containing units were alreadident on day 2, suggestive
of a burst of oxidative metabolism during this gdine period which may already have
been declining before this first measurement, sithee oxygen partial pressure was
found to be significantly higher than in non-albantiontaining units by day 2. Rapid
rates of glucose consumption between days 2 andlBirated in the depletion of

glucose stores in all albumin-containing units by d6. This coincided with a
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precipitous decline in ATP levels in albumin-contag units between days 3 and 6.
Between days 3 and 6 there was a marked fall itelplaviability in the study groups
containing albumin which was consistently reprodutg all the parameters tested.
Annexin V binding and intracellular calcium levelgl not increase in any of the test
groups until after day 3, with calcium levels resgimg more directly to the varying
concentrations of albumin in the suspending mdditochondrial membrane potential
was already declining at the beginning of the gjerperiod. The gradual decline in
MMP in the non-albumin test group contrasted witle telatively static nature of
annexin V binding and calcium levels in the samésuand suggests that changes in
MMP pre-empt the increase in intracellular calciand phospholipid changes related to
apoptosis and may not be related to the latersuggestion of a concentration-
dependent phenomenon was provided by certain op#nameters; in particular pH,
platelet concentration, surface CD62P expressionexn V binding and intracellular
calcium levels, although statistical comparison was performed due to insufficient

replicates.

The addition of human albumin to the additive solutresulted in a clear degradation
of platelet viability in excess of changes assedauith the platelet storage lesion in
more conventional media. The human albumin solutisad was a 20% solution of
commercially available human albumin (Zerf&b, Bio Products Laboratory, Elstree,
UK). This product is infused into humans withoupoeed adverse effects on platelet
number. In order to establish whether the chandesersed were specific to this
formulation of albumin or generic to albumin prothydurther studies were undertaken
with a different commercially available solutions avell as with fatty acid-free

lyophilised albumin from human serum.
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SUPPLEMENTARY INVESTIGATIONS — ALBUMIN STUDY

PLATELET CONCENTRATE PREPARATION WITH ALTERNATIVE ALBUMIN

SOLUTION

A supplementary experiment was performed using% BQOman albumin solution from

Baxter Healthcare. A limited number of parameteesaninvestigated, concentrating on

the markers of cell death. The same protocol wasl is prepare and store the units,

with sampling occurring at the same time pointse Tasults are presented below in

table and graph format, with the corresponding lgriapm the units manufactured with

th

e BPL formulation reproduced to scale alongsateehse of comparison.

RESULTS

Platelet Concentration

Table 4.25: Platelet Concentration in units prepared with Baxter albumin solution

TEST NUMBER Platelet Concentration (x109/L)
DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-21 903 832 856 871 938
ALB-030-22 830 819 818 785 757
ALB-060-23 863 877 876 745 772
ALB-120-24 796 799 752 714 711

Platelet concentration (x10°/L)

Baxter solution BPL solution (mean; n=3)
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Figure 4.27: Comparison of platelet concentration in units suspended in Baxter’s
albumin solution versus BPL's Zenalb® 20
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Lactate Levels

Table 4.26: Lactate levels in units prepared with Baxter albumin solution

TEST NUMBER

Lactate concentration (mmol/L)

DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-21 2.2 3.9 10.1 14.7 20.0
ALB-030-22 2.4 4.2 10.3 15.0 17.0
ALB-060-23 2.7 4.7 11.0 16.0 21.0
ALB-120-24 2.5 4.2 9.7 13.6 18.0
. Baxter solution BPL solution (mean; n=3)
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Figure 4.28: Comparison of lactate levels in units suspended in Baxter's albumin solution

versus BPL's Zenalb® 20
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Mitochondrial Membrane Potential

Table 4.27: MMP in units prepared with Baxter albumin solution

TEST NUMBER Mitochondrial Membrane Potential (Median R/G)
DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-21 8.58 8.66 3.86 5.63 4.23
ALB-030-22 8.90 8.43 7.50 7.17 3.28
ALB-060-23 8.51 8.21 7.78 7.17 5.85
ALB-120-24 7.50 7.50 7.56 6.98 6.27

MMP (red/green fluorescence of JC-1)
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Figure 4.29: Comparison of JC-1 red/green fluorescence ratio in units suspended in
Baxter’s albumin solution versus BPL’s Zenalb® 20
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Annexin V Binding

Table 4.28: Annexin V binding in units prepared with Baxter albumin solution

TEST NUMBER

Annexin V Binding (% Positive)

DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-21 10.58 11.21 13.13 13.28 18.58
ALB-030-22 9.77 10.66 13.33 13.35 38.04
ALB-060-23 8.53 10.36 10.97 13.51 17.89
ALB-120-24 144 9.22 16.31 15.96 19.91
Baxter solution BPL solution (mean; n=3)
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Figure 4.30: Comparison of annexin V binding (% positive exgression) in units
suspended in Baxter’s albumin solution versus BPL'’s Zenalb™ 20
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Intracellular Free Calcium

Table 4.29: Intracellular free calcium in units prepared with Baxter albumin solution

Ca (Fluo-4/Fura Red)
TEST NUMBER
DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-000-21 0.29 0.30 0.25 0.22 0.25
ALB-030-22 0.33 0.35 0.32 0.25 0.49
ALB-060-23 0.31 0.27 0.27 0.25 0.25
ALB-120-24 0.47 0.26 0.31 0.24 0.37
Baxter solution BPL solution (mean; n=3)
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Figure 4.31: Comparison of intracellular free calcium levels in units suspended in Baxter’s
albumin solution versus BPL’s Zenalb® 20

DISCUSSION

The disruption of the platelets evident after dayn3the units prepared with the
Zenaltf20 solution was not evident in the experiment sitilj the formulation from
Baxter. Platelet concentration was maintained ikedbt constant throughout the ten-day
storage period, without the dose-dependent decreased in the BPL units and
attributed to platelet lysis. The increased ratenetabolism evident in the same units
from the beginning of the storage period — heraaleg solely by lactate levels — was
also not observed in the Baxter experiment. FindHg platelets prepared and stored
with the Baxter albumin solution did not displagtimarked changes in the markers of

cell death after day 3 that were seen in unitestevith the BPL solution.

Although storage of platelets in the Baxter forntiola did not result in the adverse

changes noted with the BPL formulation, there was no suggestion that storage in an
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additive solution containing albumin resulted inydpenefits compared to the unit
lacking albumin, though it would be premature tacate any firm conclusions from a

single experiment.

PC PREPARATION WITH POWDERED HUMAN SERUM ALBUMIN

A further experiment was undertaken using a powdldiam of fatty acid-free
(<0.007%) albumin derived from human serum (Sigmaréld Dorset, UK: code
A3782). By minimising the presence of componenkepthan albumin, the aim was to
directly determine whether albumin was the causadiyent of the deleterious effects on
thein vitro platelet characteristics. As before, four ABO ldagoup-specific PCs were
pooled and re-split into four identical units, tslled by hard centrifugation to pellet the
platelets and remove the majority of the suspengiagma. Two of the units were re-
suspended in SAS into which 3 g of powdered albuinaid been dissolved, whilst one
unit was re-suspended with a similar volume of S&8taining 15 mL of Zenafb20
albumin solution (calculated to contain 3 g of aftil). This concentration of albumin
was half the lowest concentration used in theahékperiments. A lower concentration
was chosen due to the marked effects noted ovdethday storage period in the latter.
The fourth unit broke in the centrifuge, negatihg bpportunity to include a negative

control planned to consist of a PC suspended in 8&8ng albumin.

As above, the corresponding graphs from the uniufactured with the BPL

formulation are reproduced to scale for ease ofpayison.
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RESULTS

Platelet Concentration

Table 4.30: Platelet concentration for units in HSA study

Platelet Concentration (x10°%/L)
TEST NUMBER
DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-HS3-005 832 786 770 751 664
ALB-HS3-006 833 818 793 725 693
ALB-Z15-007 766 809 743 598 477

ALB-HS3-nnn: unit with human serum album
ALB-Z15-nnn: unit with 15 mL Zenalb® 20 albumin solution

Human serum albumin study
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Figure 4.32: Comparison of platelet concentration in units suspended in powdered
human serum albumin versus BPL'’s Zenalb® 20 (ALB-Z15-007).
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Lactate Levels

Table 4.31: Lactate levels for units in HSA study

Lactate (mmol/L)
TEST NUMBER
DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-HS3-005 24 4.6 111 17 23
ALB-HS3-006 2.6 4.6 10.8 17 21
ALB-Z15-007 5.7 12.7 27 27 27

ALB-HS3-nnn: unit with human serum album

ALB-Z15-nnn: unit with 15 mL Zenalb® 20 albumin solution

Human serum albumin study
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Figure 4.33: Comparison of lactate levels in units suspended in powdered human
serum albumin versus BPL's Zenalb® 20 (ALB-Z15-007)
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Mitochondrial Membrane Potential

Table 4.32: MMP for units in human serum albumin study

TEST NUMBER Mitochondrial Membrane Potential (Median R/G)

DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-HS3-005 10.6 9.8 7.8 5.9 5.2
ALB-HS3-006 6.9 9.6 8.6 6.9 31
ALB-715-007 9.7 8.8 2.8 2.8 2.7

ALB-HS3-nnn: unit with human serum album
ALB-Z15-nnn: unit with 15 ml Zenalb® 20 albumin solution
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Human serum albumin study
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Figure 4.34: Comparison of JC-1 red/green fluorescence ratio in units suspended in
powdered human serum albumin versus BPL's Zenalb® 20 (ALB-Z15-007)
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Annexin V Binding

Table 4.33: Annexin V binding (human serum albumin study)

TEST NUMBER Annexin V Binding (% Positive)
DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-HS3-005 9.12 9.80 11.93 17.43 19.51
ALB-HS3-006 10.03 7.69 12.27 13.63 38.15
ALB-Z15-007 9.63 11.64 61.33 91.88 94.79

ALB-HS3-nnn: unit with human serum album

ALB-Z15-nnn: unit with 15 ml Zenalb® 20 albumin solution

Human serum albumin study
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Figure 4.35: Comparison of annexin V binding in units suspended in powdered
human serum albumin versus BPL's Zenalb® 20 (ALB-Z15-007)
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Intracellular free calcium

Table 4.34: Intracellular free calcium (human serum albumin study)

Intracellular free calcium (Fluo-4/Fura Red)
TEST NUMBER
DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ALB-HS3-005 0.32 0.32 0.35 0.38 0.41
ALB-HS3-006 0.28 0.40 0.37 0.35 0.45
ALB-215-007 0.27 0.44 1.04 4.22 7.0

ALB-HS3-nnn: unit with human serum album
ALB-Z15-nnn: unit with 15 ml Zenalb® 20 albumin solution

Human serum albumin study BPL solution (mean; n=3)

10 10

8 1 —8— ALB-HS3-005
—0— ALB-HS3-006
—w— ALB-Z15-007

—&— ALB-000-nn
—O— ALB-030-nn
—w— ALB-060-nn
—&— ALB-120-nn

Intracellula free calcium (Fluo-4/Fura Red)
Intracellular free calcium (Fluo-4/Fura Red)

Day tested Day tested

Figure 4.36: Comparison of intracellular free calcium in units suspended in powdered human
serum albumin versus BPL's Zenalb® 20 (ALB-Z15-007)

DISCUSSION

The supplementary experiments confirmed that albuper se did not cause the
accelerated deterioration of platelets during #r day storage period observed with
Zenall 20 albumin solution and confirmed that the effetZenall$ 20 albumin was
reproducible. The generation of lactate in the waittaining Zenaf® 20 occurred at the
same accelerated rate as observed in the origiparienents, despite the lower initial
concentration of albumin solution. The lactate leeached a plateau of 27 mmol/L by
day 6. At the same time point, lactate levels iitsuwith the powdered albumin were
11.1 and 10.8 mmol/L. Among the parameters refigctpoptotic changes, the two
units incorporating the lyophilysed serum albummovided results similar to those
obtained in the original experiments in units lackialoumin or re-suspended in

autologous plasma. By contrast, unit ALB-Z15-00@ntaining 15 mL of Zenafb 20,
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displayed accelerated disruption of the mitochaldmembrane potential as well as
increased binding of annexin V and higher levels imfacellular free calcium.
Interestingly, the lower concentration of aloumsed in this experiment provided the
suggestion of a time course for these changes. chitadrial membrane potential
already attained minimal levels by day 6, with neac difference between the rate of
potential loss and Zendlb20 concentration. The suggestion of a concentratio
dependent effect for annexin V binding in the alitstudy was reinforced with the
results from ALB-Z15-007, whilst the clear influenof Zenal§ 20 concentration on
intracellular calcium was also confirmed by thispglementary study. Thus, full
disruption of the mitochondrial membrane potentiaturred by day 6, followed by
nearly maximal annexin V binding (% positive exies) by day 8 and intracellular
free calcium levels similar to the maximal levetseed in the initial study by day 10 —
the degree of platelet disruption being indicat¥@ toxic process in the model studied.
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CHAPTER 5. IMPACT ON PLATELET IN VITRO STORAGE
CHARACTERISTICS OF THE INCLUSION OF GLUCOSE TO ADDITIVE
SOLUTIONS

INTRODUCTION

Commercial additive solutions currently availableHurope and North America do not
include glucose due to manufacturing difficulties@ciated with its incorporation. In
Japan, studies have been undertaken with an agldibtion (M-Sol) derived from the
mixing of commercial solutions pre-approved fonaal use and containing 15 mmol/L
glucose, with encouraging results (Azuma et alQ2Mirayama et al., 2010). Debate
has continued over the past 20 years regardindpenefits of including glucose, with
some authors suggesting it is necessary for maintiplatelet viabilityin vitro
(Gulliksson, 2000), despite metabolic studies wtghbw it is not a principal substrate
for oxidative metabolism (Kilkson et al., 1984, Gupet al., 1990) and concern
regarding its role in lactate production and assedi lowering of extracellular pH. It is
possible that glucose is required for the mainteaamf other mechanisms related to
platelet function and viability (Murphy, 1999, Li al., 2005a). It is in this context that
this study sought to investigate the impact of ghecon the platelet storage lesion, with
emphasis on platelet activation and markers ofdzkh.

All results are presented as mean +* standard deviaf 5 replicate experiments, with
statistical comparisons undertaken by a one way XNOA p-value below 0.01 was
considered statistically significant. Subsequenttiple comparisons were performed
by the Holm-Sidak method, with an overall significa level of 0.05. The four test
groups are:

GLU-000-nn (no glucose added)

GLU-075-nn (final concentration of 7.5 mmol/L)

GLU-150-nn (final concentration of 15 mmol/L)

GLU-300-nn (final concentration of 30 mmol/L)

(In each case, nn refers to a unique test number)
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The graphs also show the median + range of 3 ipliexperiments performed with PC
manufactured by the same method but re-suspendd@0fo autologous plasma, in
order to provide a visual estimation of the possiiohpact of the harsh processing on
the plateletn vitro characteristics.

RESULTS

Platelet Yield and Volume

The mean platelet yield and volume at the starthefstorage period for the four test
groups are presented in table 5.1. All the units time specification for platelet yield of
>240 x 10 plts/unit set out in the UK Guidelines for Transéus Services(James,

2005), with no statistically significant differences bewwe the four test groups
(p=0.939). The unit volumes also confirm that theparation of the units in all four test
groups was consistent (p=0.711). All units werecsasfully leucodepleted (residual
WBC counts <1x1%unit), with bacterial cultures at the end of sgwaproving

negative.

Table 5.1: Platelet yield and unit volume prior to sampling

Test Group Platelet Yield (x10°/unit) Volume (mL)
GLU-000-nn 296.6+21.6 337.8+4.9
GLU-075-nn 295.3+15.3 340.3+3.9
GLU-150-nn 302.4 +20.8 340.0+ 3.0
GLU-300-nn 298.6 £ 17.0 341.2+6.1

Data are presented as mean + SD (n=5)

Function and Morphology

Platelet Concentration

Platelet concentration was similar in all four tgetups until day 6 of storage (p=0.720
on day 6). Beyond this time point, there was arctesline in platelet concentration in
the group lacking additional glucose in relationth@ other three test groups, with
statistically significant differences present orysl8 and 10 (p<0.001 in both cases)
(table 5.2) (figure 5.1). The mean platelet coneditn on day 10 in units with no
added glucose was 63% of the starting concentratiompared to 96% for units with
30 mmol/L of added glucose (549 + 34 Rf10versus 838 + 26 xf(l) (table 5.3). The
difference between the starting concentrations hia four test groups and units

reconstituted in 100% plasma may be due to varglduring the processing of the
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components, as a different operator was involveth@épacking and centrifugation of

the units in plasma.
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—e— GLU-300-nn concentration
O~ 100% PLASMA (glucose study; mean * SD;
400 ' ' ' ' ; ' ' ' ' n=5; 100% plasma n=3)
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Table 5.2: Statistical comparison between test groups for platelet concentration -
glucose study

Comparison Between Groups
Day 2 Day 3 Day 6 Day 8 Day 10

One Way ANOVA 0.930 0.686 0.720 <0.001 <0.001

Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 8 Day 10

GLU-300 vs. GLU-000 <0.001 (0.002) <0.001 (0.002)
GLU-150 vs. GLU-000 <0.001 (0.002) <0.001 (0.002)
GLU-075 vs. GLU-000 0.001 (0.003) <0.001 (0.003)
GLU-300 vs. GLU-075 NS NS
GLU-300 vs. GLU-150 NS NS
GLU-150 vs. GLU-075 NS NS

Statistical significance: Unadjusted P value (critical Level)

NS = Not significant

Table 5.3: Summary results for platelet concentration - glucose study

Final Platelet Concentration (x10%/L)
Concentration

of Added Day 2 Day 3 Day 6 Day 8 Day 10

Glucose

0 mmol/L 878 £ 55 892 + 43 821 + 38 713 + 47 549 + 34
7.5 mmol/L 868 + 38 855+ 44 855 + 48 81942 754 + 50
15 mmol/L 889 +61 870 £ 57 851 £ 57 848 + 45 826 £ 45
30 mmol/L 876 £ 54 863 £ 58 846 £ 57 843 + 39 838 £ 26

Mean = SD (n=5)
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Mean Platelet Volume

The most pronounced increase in mean platelet volover the period of storage was

noted with units lacking additional glucose (fig&2). Mean MPV on day 10 in these

units was 9.5 = 0.3 fL compared with 8.7 £ 0.6 fLunits containing 30 mmol/L of

glucose (table 5.5). However, these differencesewsrst found to be statistically

significant between any of the test groups at ang point (table 5.4).

10.0

9.5 A ——

9.0 4

8.5 1

8.0

Mean platelet volume (fl)

7.5 A

GLU-000-nn
GLU-075-nn
GLU-150-nn
GLU-300-nn
100% PLASMA

70 T

Day tested

10 11

Figure 5.2: Mean platelet

volume

(glucose study; mean + SD,
n=5; 100% plasma n=3)

Table 5.4: Statistical comparison between test groups for mean platelet volume —

lucose study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.997 0.824 0.093 0.052 0.033
Table 5.5: Summary results for mean platelet volume - glucose study
ConcFeIE?rlation Mean platelet volume (fL)

‘glﬁggseg Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 8.0+0.3 8.2+04 8.7+0.5 9.0+£0.3 9.5%£0.3
7.5 mmol/L 79+04 8.0+0.3 8.2+04 85+x04 9.0+04
15 mmol/L 79+04 8.0+0.3 8.1+0.5 8.2+x04 8.7+x0.5
30 mmol/L 79+0.3 8.0+0.3 8.0+0.3 8.3+x0.5 8.7+0.6

Mean = SD (n=5)
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Swirling

Swirling was not as distinct as in units suspendgalasma, with only one unit with 30
mmol/l added glucose having a score of 3 (day Hpwever, even within these
constraints, swirling was weaker from the starthe storage period in units lacking
glucose and reported as absent in these unitsyog@é#éable 5.6). In units with 15 and
30 mmol/L of added glucose swirling was maintainveith a score of 2 throughout
storage, whilst in the test group with 7.5 mmolfiLadded glucose, a decrease from a
score of 2 to 1 was observed in four of the fivesuhy day 10.

Table 5.6: Swirling - glucose study

Final Concentration Swirling
of Added Glucose TEST NUMBER
(mmol/) DAY 2 DAY 3 DAY 6 DAY 8 DAY 10

GLU-000-01 1 2 1 0 0

GLU-000-05 2 1 1 1 0

0 mmol/l GLU-000-09 1 1 1 1 0
GLU-000-13 1 1 1 0 0

GLU-000-17 1 1 1 0 0

GLU-075-02 1 2 2 2 1

GLU-075-06 2 2 2 2 1

7.5 mmol/l GLU-075-10 2 2 2 2 2
GLU-075-14 2 2 2 2 1

GLU-075-18 1 2 2 1 1

GLU-150-03 1 2 2 2 2

GLU-150-07 2 2 2 2 2

15 mmol/l GLU-150-11 2 2 2 2 2
GLU-150-15 2 2 2 2 2

GLU-150-19 1 2 2 2 2

GLU-300-04 1 2 2 2 2

GLU-300-08 2 2 2 2 2

30 mmol/| GLU-300-12 2 2 2 2 2
GLU-300-16 2 2 2 2 3

GLU-300-20 1 2 2 2 2

170



Hypotonic Shock Response and Extent of Shape Change

The hypotonic shock response was depressed iowlltést groups compared to units
re-suspended in plasma, with day 2 levels of apprately 20-30% compared to 67%
for the latter (figure 5.3). It is possible thatstlis an artefact of the assay associated
with platelet concentrates suspended in additivatism, despite autologous plasma
being utilised as the sample diluent. The resulgraphs were at the limit of what was
considered possible to interpret, based on thet ceenrdings of the responses. Despite
this, mean levels resulted in a decrease in the bM&Rthe course of the storage period
with all four test groups. There was also the satige of a dose-dependent response,
with units lacking glucose having the lowest HSRuea (Table 5.8); though a
statistically significant difference between thigogp and the test groups containing
glucose was only observed on day 8 (p<0.001) (tadg
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. —@—— GLU-150-nn
X _ —@—— GLU-300-nn
o T Y\ - — -0 — 100% PLASMA
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c 60 - — \§
s ———
: e
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3
2 40 A
[%]
Q r F
S
3 — L
S 20 A - i . i
T Figure 5.3: Hypotonic shock

response
(glucose study; mean + SD,
0 . . . . . . - - - n=5; 100% plasma n=3)

Day tested
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Table 5.7: Statistical comparison between test groups of hypotonic shock response —
glucose study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10

One Way ANOVA 0.079 0.058 0.030 <0.001 0.038

Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 8

GLU-300 vs. GLU-000 <0.001 (0.009)
GLU-150 vs. GLU-000 <0.001 (0.010)
GLU-075 vs. GLU-000 0.001 (0.013)
GLU-300 vs. GLU-075 NS
GLU-300 vs. GLU-150 NS
GLU-150 vs. GLU-075 NS

Statistical significance: Unadjusted P value (critical Level)

NS = Not significant

Table 5.8: Summary results for hypotonic shock response - glucose study

ConcFeiE?rlation Hypotonic shock response (%)
gﬁgggg Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 22.1+3.7 224 +2.0 16.6 +4.8 141 +3.9 154+29
7.5 mmol/L 25.7+2.3 28.7+£3.9 194 +47 21.6+3.1 17.3+ 3.9
15 mmol/L 26.0+3.4 29.1+£45 24.3+5.8 22625 19.6 + 3.9
30 mmol/L 28.6 +4.6 28.4+£5.2 26.2+4.6 23.6+2.3 237+ 5.6

Mean % SD (n=5)
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Extent of shape change showed a similar patterwemat the test groups to that
described for the hypotonic shock response, withisulacking glucose having the
lowest responses, and a gradual decline evideall igroups with increased storage
(figure 5.4). ESC decreased in units lacking glecttem day 2 values of 11.8 + 4.3%
to 3.0 £ 1.6% by day 10. Results for units with @ol/L glucose at the same time
points were 13.0 + 6.4% (p=0.974) and 9.8 + 1.5%0(p02), respectively (table 5.10).
Dose-dependency between the three test groupsimogteadded glucose was not
observed with this parameter, with no statisticaltynificant differences in evidence at
any point during storage (table 5.9). A depresseshonse compared to units re-
suspended in plasma was again observed.
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Table 5.9: Statistical comparison between test groups for extent of shape change —

glucose study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.974 0.242 0.077 0.002 0.002
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 8 Day 10

GLU-300 vs. GLU-000

0.001 (0.009)

<0.001 (0.009)

GLU-150 vs. GLU-000

0.001 (0.010)

0.007 (0.010)

GLU-075 vs. GLU-000 0.006 (0.013) NS
GLU-300 vs. GLU-075 NS NS
GLU-300 vs. GLU-150 NS NS
GLU-150 vs. GLU-075 NS NS

Statistical significance: Unadjusted P value (critical Level)

Table 5.10: Summary results for extent of shape change - glucose study

NS = Not significant

ConcFeiE?rlation Extent of shape change (%)
gﬁgggg Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 11.8+4.3 12.1+2.9 6.6+2.9 42 +2.8 3.0+1.6
7.5 mmol/L 13.4+5.9 154+1.9 10.2+3.3 8720 6.1+2.9
15 mmol/L 124+54 14924 11.4+4.0 9.7+25 75+2.8
30 mmol/L 13.0x6.4 144+29 11.1+0.6 10.2+1.0 98+1.5

Mean % SD (n=5)
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Platelet Metabolism

Extracellular pHz7c

Day 2 levels of phk-c were similar in all four test groups, with mearvdks of
approximately 7.45 (p=0.233). The units lackingcgise showed a steady increase in
pHs7-cwith storage, resulting in a mean level on day f10.952 + 0.035 (table 5.12). In
contrast, ph-c levels gradually decreased in all the units combai glucose up to day
6, with the rate of decrease closely matched irthhee test groups (figure 5.5). By this
point, glucose stores in units with starting gleedsvels of 7.5 mmol/L had been
depleted (Figure 5.6) and pitin this test group increased, with the slope oflihe
similar to the slope generated with the test griagging glucose. The rate of decrease
in units with 15 mmol/L and 30 mmol/L of glucosenmained similar up to day 8, when
the rate of decrease fell in the former group asage levels neared zero (figure 5.5).
This is reflected in the statistical comparisonthwsignificant differences evident on
days 8 and 10 between all the groups with the e)arepf the units with 15 mmol/L
and 30 mmol/L of added glucose (table 5.11). Despiie decrease over time, all
glucose-containing units retained gk levels above 6.95 throughout the ten-day

storage period (table 5.12).
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Table 5.11: Statistical comparison between test groups for pH (37°C) — glucose Study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.225 <0.001 <0.001 <0.001 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 3 Day 6 Day 8 Day 10
<0.001 <0.001 <0.001 <0.001
GLU-300 vs. GLU-000 (0.010) (0.009) (0.010) (0.009)
<0.001 <0.001 <0.001 <0.001
GLU-150 vs. GLU-000 (0.013) (0.010) (0.009) (0.010)
<0.001 <0.001 <0.001 <0.001
GLU-075 vs. GLU-000 (0.009) (0.013) (0.013) (0.017)
<0.001 <0.001
GLU-300 vs. GLU-075 NS NS (0.025) (0.013)
GLU-300 vs. GLU-150 NS NS NS NS
<0.001 <0.001
GLU-150 vs. GLU-075 NS NS (0.017) (0.025)
Statistical significance: Unadjusted P value (critical Level) NS = Not significant
Table 5.12: pH (37°C) levels in glucose study
Final - pH (370C)
Concentration
of Added
Day 2 Day 3 Day 6 Day 8 Day 10
Glucose y y y y y
0 mmol/L 7.271 + 7.342 + 7.502 + 7.602 + 7.704 +
0.013 0.017 0.024 0.029 0.033
7 5 mmol/L 7.243 + 7.228 + 7.138 + 7.237 + 7.323
' 0.035 0.048 0.065 0.101 0.114
15 mmol/L 7.253 + 7.239 7.133 7.025 6.955 +
0.011 0.018 0.027 0.032 0.077
30 mmol/L 7.251+ 7.238 + 7.132 + 7.028 + 6.875
0.015 0.017 0.028 0.034 0.066

Mean % SD (n=5)

176




Glucose and Lactate

Glucose levels decreased with storage at a simatarin all three test groups containing
exogenous glucose until stores were depleted, whichirred on day 6 for units with
7.5 mmol/L of added glucose and day 10 for unithhvii5 mmol/L of glucose (figure
5.6). Units with the highest concentration of adddacose at 30 mmol/L maintained
glucose levels of 9.2 £ 0.5 mmol/L by day 10 (tabl&4); similar to levels in units re-
suspended in plasma (mean of 9.9 mmol/L). Thessieai comparison reflected the
gradual consumption of glucose with storage, wittistically significant differences
evident at all time points but restricted by dayt@@ifferences between the units with
30 mmol/L added glucose and the other three testpg (p<0.001) (table 5.13).
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Table 5.13: Statistical comparison between test groups for glucose concentration —
glucose study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA <0.001 <0.001 <0.001 <0.001 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)

Comparison Day 2 Day 3 Day 6 Day 8 Day 10
GLU300Vs. GLA000 | (o00) | (0009) | (0009) | (0010 | (0013
GLU-150 vs. GLU-000 (<09 601%1) (<09 601071) (<00.601071) (<09 602% 1) NS
GLU-075vs. GLU-000 | Jens | on NS NS NS
GLU-300 vs. GLU-075 (<09 601%1) :09601001) (<0%01001) :09600%1) (<00.601001)
GLU-300 vs. GLU-150 (<OO_ 601071) (<00.601031) (<00.601031) (<00.601031) ?o?boo% 1)
GLU-150 vs. GLU-075 (<OO_ 602%1) (<00.602%1) (<00.602051) (<00.601071) NS

Statistical significance: Unadjusted P value (critical Level)

Table 5.14: Summary results for glucose concentrations - glucose study

NS = Not significant

Conclzeig?rlation Glucose concentration (mmol/L)
‘glﬁggseg Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 0.1+0.1 0.0+£0.0 0.0+£0.0 0.0+£0.0 0.0x0.0
7.5 mmol/L 44+0.2 35+0.1 0.1+£0.2 0.0£0.0 0.0£0.0
15 mmol/L 9.9+0.6 9.3+0.7 55+0.8 24+£0.8 0.0£0.0
30 mmol/L 19.7+1.7 194+1.4 158+1.4 129+1.3 9.2+1.5

Mean = SD (n=5)
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The calculated glucose consumption takes into adcthe platelet concentration over
the 10-day storage period. As suggested by thdslefeglucose in the units, rates of
consumption were independent of the starting camnagon of glucose, with no

statistically significant differences between thestt groups between days 2 and 3
(p=0.412) and differences thereafter confined tofioming the presence or absence of
glucose (table 5.15). Though independent of statBmels of added glucose, the rate of

glucose consumption was noted to increase witlageo(figure 5.7; table 5.16).
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Table 5.15: Statistical comparison between test groups for glucose consumption —
glucose study

Comparison Between Groups

Day 2-3 Day 3-6 Day 6-8 Day 8-10
One Way ANOVA 0.413 <0.001 <0.001 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 3-6 Day 6-8 Day 8-10

GLU-300 vs. GLU-000

<0.001 (0.002)

<0.001 (0.003)

<0.001 (0.002)

GLU-150 vs. GLU-000

<0.001 (0.002)

<0.001 (0.002)

<0.001 (0.003)

GLU-075 vs. GLU-000 <0.001 (0.003) NS NS
GLU-300 vs. GLU-075 NS <0.001 (0.003) <0.001 (0.002)
GLU-300 vs. GLU-150 NS NS NS

GLU-150 vs. GLU-075 NS <0.001 (0.002) <0.001 (0.003)

Statistical significance: Unadjusted P value (critical Level)

Table 5.16: Summary results for glucose consumption - glucose study

NS = Not significant

ConcFeig?rlation Glucose consumption (mmol/day/10* plts)
‘glﬁggseg Day 2-3 Day 3-6 Day 6-8 Day 8-10
0 mmol/L 0.07 £0.15 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00
7.5 mmol/L 1.07+0.14 1.33+0.12 0.06 £+0.14 0.00 £ 0.00
15 mmol/L 0.73+0.85 1.46 +0.06 1.80 £ 0.07 1.46 £ 0.50
30 mmol/L 0.35+1.74 1.38+0.13 1.73+0.19 2.19+0.51

Mean = SD (n=5)
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Lactate levels on day 2 were similar in all fousttgroups, despite the different starting
concentrations of glucose (p=0.060). Mean valueged from 2.0 + 0.3 mmol/in
units lacking glucose to 2.5 + 0.3 mmol/L in unitgh 30 mmol/L added glucose (table
5.18). Lactate levels in the former are likely ® diue to residual levels due to the lack
of a washing stage in the processing method ofithts. As expected, no further lactate
was produced in this test group. In the remainimgée groups, lactate levels were
affected by the glucose concentrations over theageperiod, with levels reaching a
plateau following the depletion of glucose (fig&®). This was best illustrated in units
with 7.5 mmol/L added glucose, in which glucosaetovere consumed by day 6 and
levels of lactate were retained at approximatelynifol/L for the remainder of the
storage period. Statistically significant differescwere evident between all the test
groups by day 10 (p<0.001) (table 5.17).
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Table 5.17: Statistical comparison between test groups for lactate concentrations —

glucose study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.060 <0.001 <0.001 <0.001 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 3 Day 6 Day 8 Day 10

GLU-300 vs. GLU-000

<0.001 (0.009)

<0.001 (0.009)

<0.001 (0.010)

<0.001 (0.009)

GLU-150 vs. GLU-000

<0.001 (0.010)

<0.001 (0.010)

<0.001 (0.009)

<0.001 (0.010)

GLU-075 vs. GLU-000

<0.001 (0.013)

<0.001 (0.013)

<0.001 (0.013)

<0.001 (0.025)

GLU-300 vs. GLU-075 NS NS <0.001 (0.025) | <0.001 (0.013)
GLU-300 vs. GLU-150 NS NS NS 0.029 (0.050)
GLU-150 vs. GLU-075 NS NS <0.001 (0.017) | <0.001 (0.017)

Statistical significance: Unadjusted P value (critical Level)

NS = Not significant

Table 5.18: Summary results for lactate concentration - glucose study

ConcFei:?rlation Lactate concentration (mmol/L)
‘glﬁggseg Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 20£0.3 2004 1.7+£04 16+£04 1.4+04
7.5 mmol/L 2.3+0.3 4004 10.3+£0.9 10.7+£0.6 10.4+£0.6
15 mmol/L 24+£0.3 43+05 11.1+£1.3 17+1.6 21+1.2
30 mmol/L 25+£0.3 43+0.6 11.2+1.6 17+2.1 23+2.2

Mean = SD (n=5)
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The pattern for rates of lactate production over storage period mirrored those of
glucose consumption, with the rates of both inarepwith storage until glucose stores
were depleted (figures 5.7 and 5.9). Statisticsiliyificant differences were observed at
all time-points (p<0.001); the pairwise comparigamfirming the visual interpretation
of the results (table 5.19).
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Figure 5.9: Lactate production
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Table 5.19: Statistical comparison between test groups for lactate production — glucose

study
Comparison Between Groups
Day 2-3 Day 3-6 Day 6-8 Day 8-10
One Way ANOVA <0.001 <0.001 <0.001 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)

Comparison Day 2-3 Day 3-6 Day 6-8 Day 8-10
GLU-300 vs. GLU-000 <0.001 (0.002) | <0.001 (0.002) | <0.001 (0.002) | <0.001 (0.002)
GLU-150 vs. GLU-000 <0.001 (0.002) | <0.001 (0.002) | <0.001 (0.002) | <0.001 (0.003)
GLU-075 vs. GLU-000 <0.001 (0.003) | <0.001 (0.003) NS NS
GLU-300 vs. GLU-075 NS NS <0.001 (0.003) | <0.001 (0.002)
GLU-300 vs. GLU-150 NS NS NS NS
GLU-150 vs. GLU-075 NS NS <0.001 (0.003) | <0.001 (0.003)

Statistical significance: Unadjusted P value (critical Level)

Table 5.20: Lactate production in glucose study

NS = Not significant

ConcFeirr}?rlation Lactate production (mmol/day/10* plts)
(glﬁggsg Day 2-3 Day 3-6 Day 6-8 Day 8-10
0 mmol/L 0.05+£0.13 -0.10 £0.03 -0.09 £ 0.04 -0.13+£0.05
7.5 mmol/L 1.93+£0.09 2.46 £0.19 0.23+£0.35 -0.18 £0.26
15 mmol/L 2.11+£0.18 2.62+0.16 3.50+£0.29 241 +£1.22
30 mmol/L 2.09+£0.17 2.66 £0.25 3.24£0.26 3.77 £0.46

Mean + SD (n=5)
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Bicarbonate Levels

Bicarbonate levels in the group lacking added gdeceemained stable throughout the
ten days of storage at approximately 16 mmol/Luffegg5.10). In units with added
glucose, levels decreased at a similar rate ieall groups until glucose stores were
depleted. This was best observed in units with mrBol/L added glucose; with the
depletion of glucose on day 6, the rate of bicadbeross decreased so that the mean
concentration on day 10 (8.73 + 2.28 mmo/l) was &%hat measured on day 6 (10.23
+ 2.19 mmol/L). By comparison, the mean bicarbonetel on day 10 in units with 30
mmol/L added glucose was 47% of the mean on dayd® (+ 0.73 versus 10.42 + 0.58
mmol/L, respectively) (table 5.22). Statisticaligrsficant differences on days 6 and 8
between the group with 30 mmol/L added glucose #&d other test groups were
confined to the test group with no added glucosed®y 10, a statistically significant
difference was also evident with the units contagni7.5 mmol/L added glucose
(p<0.001 in all cases) (table 5.21).
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Table 5.21: Statistical comparison between test groups for bicarbonate levels — glucose

study
Comparison Between Groups
Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.665 0.285 <0.001 <0.001 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 6 Day 8 Day 10

GLU-300 vs. GLU-000

<0.001 (0.010)

<0.001 (0.009)

<0.001 (0.009)

GLU-150 vs. GLU-000

<0.001 (0.013)

<0.001 (0.010)

<0.001 (0.010)

GLU-075 vs. GLU-000

<0.001 (0.009)

<0.001 (0.013)

<0.001 (0.013)

GLU-300 vs. GLU-075 NS NS 0.001 (0.017)
GLU-300 vs. GLU-150 NS NS NS
GLU-150 vs. GLU-075 NS NS 0.002 (0.025)

Statistical significance: Unadjusted P value (critical Level)

NS =

Table 5.22: Summary results for bicarbonate levels - glucose study

Not significant

Conclzeig?rlation Bicarbonate concentration (mmol/L) (37°C)
g’:gggg Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 16.16 £1.25 1575+1.16 | 1596+1.47 | 16.36+2.22 | 15.81+£1.50
7.5 mmol/L 1449 +3.32 | 13.47+£3.09 | 10.23+2.19 9.05+2.17 8.73+2.28
15 mmol/L 1543 +1.74 | 1410+£1.46 | 1049+1.12 7.77 £0.91 5.25+0.87
30 mmol/L 1522+1.44 | 13.97+£1.08 | 10.42 £0.58 7.76 £0.45 490+£0.73

Mean % SD (n=5)
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Blood Gases

The partial pressure of oxygen increased with gmrawith the three test groups
containing glucose generating similar results thhmut the storage period and
finishing with mean levels of approximately 18 kyaend of storage (figure 5.11). No
statistically significant differences were eviddé@tween these three test groups at any
point in the storage period (table 5.23). The ¢gestip lacking glucose showed a steeper
increase in p@ after the initial three days of storage, with aameday 10 partial
pressure of 20.0 + 0.5 kPa (p=0.006) (table 5.24).

22

—e— GLU-000-nn

20 —e— GLU-075-nn

—@— GLU-150-nn
GLU-300-nn
100% PLASMA

18 A

16

pO, (37°C) (kPa)

14 A

12 Figure 5.11: Partial pressure of
oxygen
10 (glucose study; mean + SD, n=5;

1 2 3 4 5 6 7 8 o 10 11 100% plasma n=3)

Day tested

187



Table 5.23: Statistical comparison between test groups for partial pressure of oxygen —
glucose study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10

One Way ANOVA 0.643 0.079 0.587 0.336 0.006

Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 10

GLU-300 vs. GLU-000 0.009 (0.013)
GLU-150 vs. GLU-000 0.002 (0.009)
GLU-075 vs. GLU-000 0.003 (0.010)
GLU-300 vs. GLU-075 NS
GLU-300 vs. GLU-150 NS
GLU-150 vs. GLU-075 NS

Statistical significance: Unadjusted P value (critical Level)

NS = Not significant

Table 5.24: Summary results for partial pressure of oxygen - glucose study

ConcFeiE?rlation Partial pressure of oxygen (kPa) (37°C)
gﬁgggg Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 134+1.1 128+1.3 150+1.2 17.7+1.0 20.0+£0.5
7.5 mmol/L 13.6 £0.9 143+1.0 152+£0.5 16.6 £ 0.8 18.2+ 0.8
15 mmol/L 141+1.0 14.2+£0.9 157+£1.2 17.3+£0.8 18.0+ 0.9
30 mmol/L 140+£1.2 14.4+£0.9 155+0.7 17.1+£0.9 184+ 1.0

Mean % SD (n=5)
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The partial pressures of carbon dioxide over thedi@ys of storage reflected the pattern
of glucose and bicarbonate metabolism more clogeyn pQ (figure 5.12). In units
lacking added glucose, pG@ecreased steadily with storage from day 2 pressaf
4.27 + 0.25 kPa to a mean of 1.54 £+ 0.09 kPa onl@ay contrast, from similar day 2
values (p=0.829), partial pressures in units with ®mol/L added glucose had
decreased to a mean of 3.20 £ 0.08 kPa by dayable(6.26). Statistically significant
differences on day 6 were limited to differenceswieen the units with no added
glucose and units with glucose. By day 10, sigaiftcdifferences were evident between
all the test groups (p<0.001) (table 5.25)
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Table 5.25: Statistical comparison between test groups for partial pressure of carbon
dioxide — glucose study

Comparison Between Groups
Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.829 0.144 <0.001 <0.001 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)

Comparison Day 6 Day 8 Day 10
GLU-300 vs. GLU-000 <0.001 (0.010) <0.001 (0.010) <0.001 (0.009)
GLU-150 vs. GLU-000 <0.001 (0.009) <0.001 (0.009) <0.001 (0.010)
GLU-075 vs. GLU-000 <0.001 (0.013) <0.001 (0.025) 0.001 (0.025)
GLU-300 vs. GLU-075 NS <0.001 (0.017) <0.001 (0.013)
GLU-300 vs. GLU-150 NS NS 0.007 (0.050)
GLU-150 vs. GLU-075 NS <0.001 (0.013) <0.001 (0.017)

Statistical significance: Unadjusted P value (critical Level)

NS = Not significant

Table 5.26: Summary results for partial pressure of carbon dioxide - glucose study

ConcFeirr}?rlation Partial pressure of carbon dioxide (kPa) (37°C)
‘glﬁggseg Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 4.27 £0.25 3.53+£0.15 248 +0.14 2.01+£ 0.20 1.54 +0.09
7.5 mmol/L 4.03+0.68 3.87 £0.57 3.61+£0.36 252+0.14 1.98+0.14
15 mmol/L 4.25+0.42 4.00 £0.27 3.80£0.29 3.61+0.24 2.86+£0.30
30 mmol/L 421 +0.29 3.98+£0.21 3.80+£0.15 3.59+£0.12 3.20+0.08

Mean = SD (n=5)
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Oxygen consumption rates decreased similarly witrtage in all test groups, with

starting levels of approximately 0.23 nmol/minfills decreasing to mean levels of
approximately 0.16 nmol/min/iplts by end of storage (figure 5.13; table 5.28p. N

statistically significant differences were notedvieen the test groups at any time point

(table 5.27). Thus, the concentration of glucosegwen its absence, did not appear to

impact on oxygen consumption rate. The gradualedse in consumption reflects the

gradual accumulation of oxygen in the units witbrage. With a continued decrease in

oxygen consumption, the partial pressure of oxygenld be expected to continue to

increase until levels equilibrated with the atmamphpartial pressure.
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Table 5.27: Statistical comparison between test groups for oxygen consumption rate —

glucose study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.533 0.313 0.548 0.490 0.273
Table 5.28: Summary results for oxygen consumption rates - glucose study
ConcFe”r}?rlation Oxygen consumption rate (nmol/min/10°plts) (22°C)
g’:gggg Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 0.24 £0.03 0.25+0.02 0.22£0.02 0.19 = 0.03 0.17 £0.01
7.5 mmol/L 0.24 £0.02 0.23+£0.02 0.21£0.02 0.19 £ 0.02 0.17 £0.02
15 mmol/L 0.22£0.02 0.23+£0.02 0.20£0.04 0.17 £0.02 0.16 £0.03
30 mmol/L 0.23+£0.02 0.23+£0.02 0.21£0.02 0.17 £0.02 0.14 £0.02

Mean % SD (n=5)

191




ATP and ADP Levels

Levels of ATP were similar at the start of the ag® period in the three test groups
containing glucose, with mean values on day 2 gqfr@dmately 5.4 pmol/18plts.
Mean levels in the test group lacking glucose weweer at 4.38 + 0.56 pmol/ifplts,
though this difference did not achieve statistis@nificance (p=0.016) (table 5.30).
ATP levels decreased steadily with storage in Uaitking glucose to a mean of 1.09 £
0.09 pmol/1é'plts by day 10 (table 5.30). The rate of declinesWawver in the other
three test groups until glucose stores were depletewhich point ATP levels were
observed to decrease at an accelerated rate that ctasely resembled that seen in
units lacking added glucose (figure 5.14). Day IXPAevels were thus relatively well
maintained in units with 30 mmol/L added glucosethwa mean of 4.18 + 0.64
umol/13plts. This constituted 78% of the day 2 levels camep with only 25% of day
2 levels in the test group lacking added glucogatisSically significant differences
were evident between all the test groups by dafp0.001) (table 5.29).
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Table 5.29: Statistical comparison between test groups for ATP levels — glucose study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.016 0.003 <0.001 <0.001 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 3 Day 6 Day 8 Day 10

GLU-300 vs. GLU-000

0.001 (0.009)

<0.001 (0.009)

<0.001 (0.009)

<0.001 (0.009)

GLU-150 vs. GLU-000

0.002 (0.010)

<0.001 (0.010)

<0.001 (0.010)

<0.001 (0.013)

GLU-075 vs. GLU-000

0.002 (0.013)

<0.001 (0.013)

<0.001 (0.025)

0.003 (0.025)

GLU-300 vs. GLU-075 NS 0.016 (0.017) | <0.001 (0.013) | <0.001 (0.010)
GLU-300 vs. GLU-150 NS NS NS 0.001 (0.017)
GLU-150 vs. GLU-075 NS NS <0.001 (0.017) | 0.007 (0.050)

Statistical significance: Unadjusted P value (critical Level)

NS = Not significant

Table 5.30: Summary results for ATP levels - glucose study

ConcFeig?rlation ATP Levels (umol/10*plts)
of Added
Glucose Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 4.38 +0.56 3.89+0.74 2.57+0.40 191+ 0.20 1.09 £ 0.09
7.5 mmol/L 5.44 £ 0.69 5.08 £0.38 421 +0.51 2.79+0.31 2.12+0.36
15 mmol/L 5.31+£0.31 5.15+0.39 473 +0.66 4.19+0.26 3.03+0.57
30 mmol/L 5.39+£0.45 5.21 £0.50 5.07£0.41 4.30+0.23 4,18 +£0.64

Mean = SD (n=5)
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ADP levels decreased with storage in all the testigs. Although mean levels were

lower in the test group lacking added glucose, tatistically significant differences

were noted between any of the test groups at arlgeofime points (table 5.31). In all

test groups, levels on day 10 were between 20- 80%vels on day 2 (table 5.32).

Unlike ATP, loss of ADP appeared unrelated to ghécdevels and other metabolic

parameters (figure 5.15).
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Table 5.31: Statistical comparison for ADP levels — glucose study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.037 0.121 0.488 0.114 0.014
Table 5.32: Summary results for ADP - glucose study
Final 11
Concentration ADP Levels (umol/10™plts)
of Added
Glucose Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 3.40+£0.50 2.79+0.36 1.59+0.43 1.04+ 0.16 0.70£0.16
7.5 mmol/L 4.42 +£0.55 3.16 £0.35 2.02£0.93 1.49+0.51 1.04+0.16
15 mmol/L 4.66+0.71 2.71+0.66 2.10£0.39 1.26 +0.07 1.29+0.39
30 mmol/L 4.22+0.79 3.55+0.78 1.75+0.34 1.45+0.28 1.26+0.32

Mean = SD (n=5)
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Platelet Activation

Surface Expression and Soluble Levels of CD62P

Surface expression of CD62P resulted in similacgetage positive expression in all
four test groups on day 2, with mean levels of apipnately 80% (p=0.826) (table
5.34); markedly higher than the mean of 60.08% inbthfrom units re-suspended in
plasma, despite the use of the same processingpthefercentage positive expression
increased between days 2 and 3 in all four tesupgoafter which the expression
remained relatively stable in the three test grazg#aining glucose (figure 5.16). The
test group lacking glucose continued to increageentent positive expression until day
6, resulting in a mean level of 94.04 + 0.97 % anstatistically significant difference
against the test groups with added glucose (p<0.(@ble 5.33). Beyond this time
point, a gradual decrease was observed, resullitgyvels at the end of storage similar

to those obtained with the test groups containkggenous glucose (p=0.577).
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Table 5.33: Statistical comparison between test groups for CD62P surface expression
(% positive) — glucose study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10

One Way ANOVA 0.826 0.039 <0.001 0.041 0.577

Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 6

GLU-300 vs. GLU-000 <0.001 (0.009)
GLU-150 vs. GLU-000 0.001 (0.010)
GLU-075 vs. GLU-000 0.001 (0.013)
GLU-300 vs. GLU-075 NS
GLU-300 vs. GLU-150 NS
GLU-150 vs. GLU-075 NS

Statistical significance: Unadjusted P value (critical Level)

NS = Not significant

Table 5:34: Summary results for percent positive expression of CD62P - glucose study

ConcFeig?rthion Surface expression of CD62P (% positive)
‘g lﬁggsg Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 81.29+£2.30 89.39+£1.11 94.04 £0.97 91.18£1.62 86.87 £2.80
7.5 mmol/L 79.47 £4.23 84.83£2.51 87.60 £ 3.65 88.93 £ 3.69 88.71 £4.63
15 mmol/L 80.43 £3.88 85.65+£2.16 87.15+£2.27 86.80 £ 2.75 87.67 £2.56
30 mmol/L 81.30 £3.53 84.47 £4.07 85.25 £ 2.49 85.93£2.80 85.91 £2.37

Mean % SD (n=5)
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Surface CD62P median fluorescence intensity walehnign days 6 and 8 in the test
group lacking glucose, with mean levels of 4.25.330and 4.32 + 0.76, respectively
(table 5.36). However, this was not a statisticallynificant difference compared with
the units with added glucose (p=0.031 on day 6p=tl055 on day 8) (table 5.35). MFI
increased in all four test groups (from mean d#gvels between 2.33 + 0.12 and 2.49 £
0.21 in units lacking glucose and units with 30 nthinadded glucose (p=0.544)), until
days 6 — 8; beyond which a gradual decrease oilis&ion in MFI was evident. As
with percent positive expression, MFI results forface CD62P were markedly lower

in the units re-suspended in autologous plasmargi§.17).
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Table 5.35: Statistical comparison for CD62P surface expression (MFI) — glucose
study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10

0.544 0.414 0.031 0.055 0.196

One Way ANOVA

Table 5.36: Summary results for median fluorescence intensity of surface CD62P -
glucose study

ConcFeiE?rlation Surface expression of CD62P (median fluorescence intensity)
Cglﬁggsg Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 2.33+0.12 3.34+£0.30 4.25+0.33 432+ 0.76 3.85+0.86
7.5 mmol/L 2.40+0.20 3.09+0.22 3.76 £0.35 3.54+0.30 3.19+0.27
15 mmol/L 248 +0.21 3.19+0.20 3.77+£0.24 3.81+£0.24 3.50+0.18
30 mmol/L 249+0.21 3.15+0.23 3.69+0.24 3.67 £0.19 3.59+0.11

Mean % SD (n=5)
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Levels of soluble CD62P increased with storagelliteat groups from similar starting

levels of approximately 35 to 45 ng/mL (p=0.343bfe 5.38). Levels increased at a

faster rate in units lacking added glucose, leatling statistically significant difference

between these units and units with added glucosdalyy6 (p<0.001). Beyond day 6,

soluble CD62P increase at a faster rate in boits lecking added glucose and units

with 7.5 mmol/L, resulting in a statistically sidgicant difference (p<0.001) between

these test groups and units with 15 mmol/L and 3@oifL. added glucose (table 5.37)
(figure 5.18). Mean soluble CD62P levels on daywile 268.27 + 23.46 ng/mL in
units lacking glucose and 92.30 + 12.31 ng/mL iftsuwith 30 mmol/L.
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Table 5.37: Statistical comparison between test groups for soluble CD62P levels —

glucose study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.345 0.189 <0.001 <0.001 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 6 Day 8 Day 10

GLU-300 vs. GLU-000

<0.001 (0.010)

<0.001 (0.009)

<0.001 (0.009)

GLU-150 vs. GLU-000

<0.001 (0.009)

<0.001 (0.010)

<0.001 (0.010)

GLU-075 vs. GLU-000

<0.001 (0.013)

<0.001 (0.013)

<0.001 (0.013)

GLU-300 vs. GLU-075 NS NS <0.001 (0.017)
GLU-300 vs. GLU-150 NS NS NS
GLU-150 vs. GLU-075 NS NS <0.001 (0.025)

Statistical significance: Unadjusted P value (critical Level)

NS = Not significant

Table 5.38: Summary results for soluble CD62P levels - glucose study

Final Soluble CD62P (ng/mL)
Concentration
of Added
Day 2 Day 3 Day 6 Day 8 Day 10
Glucose y y y y y
117.99 + 189.96 + 268.27 +
0 mmol/L 4458 +9.66 | 63.14 +14.43 16.92 1588 23 46
105.12 + 158.88 +
7.5 mmol/L 38.53+8.20 | 52.28 +10.12 | 75.70 + 15.39 15.44 2430
103.36 +
15 mmol/L 36.11+9.47 | 49.23+11.95 | 70.25+12.74 | 84.37 +13.94 17.84
30 mmol/L 34.34+9.25 | 46.98 +£10.89 | 70.37 +12.94 | 81.34 +14.42 | 92.30 £+12.31

Mean = SD (n=5)
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Markers of Cell Death

Surface Expression of Aminophospholipids

Annexin V binding to the platelet surface, measuwuasgercentage positive expression,
was similar in all four test groups at the startstifrage. Day 2 levels in units lacking
glucose (13.53 = 3.60 %) were higher than in testigs with added glucose (9.42 +
2.96 % in 30 mmol/L added glucose), but this ddfere was not found to be
statistically significant (p=0.094) (table 5.39)nrexin V binding continued to increase
in units lacking glucose throughout storage, wittam levels on day 10 of 66.31 + 4.88
%. Annexin V binding in the test groups with addgldicose also increased with
storage, with the rate of increase acceleratingnits with 7.5 mmol/L added glucose
around day 6 and in units with 15 mmol/L after @affigure 5.19). In contrast, no such
accelerated rise in annexin V binding was obselivednits with 30 mmol/L added
glucose, with day 10 percent positive binding renmg at relatively low levels (15.73
*+ 3.60 %) (table 5.40). Statistically significantfdrences were evident between all the

test groups by end of storage (p<0.001).
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Table 5.39: Statistical comparison between test groups for Annexin V binding (%
positive expression) — glucose study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.094 <0.001 <0.001 <0.001 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 3 Day 6 Day 8 Day 10

GLU-300 vs. GLU-000

<0.001 (0.009)

<0.001 (0.009)

<0.001 (0.009)

<0.001 (0.009)

GLU-150 vs. GLU-000

<0.001 (0.013)

<0.001 (0.010)

<0.001 (0.010)

<0.001 (0.013)

GLU-075 vs. GLU-000

<0.001 (0.010)

<0.001 (0.013)

<0.001 (0.025)

0.008 (0.050)

GLU-300 vs. GLU-075 NS 0.005 (0.017) | <0.001 (0.013) | <0.001 (0.010)
GLU-300 vs. GLU-150 NS NS NS 0.001 (0.025)
GLU-150 vs. GLU-075 NS NS <0.001 (0.017) | 0.001 (0.017)

Statistical significance: Unadjusted P value (critical Level)

NS = Not significant

Table 5.40: Summary results for Annexin V binding (% positive expression) -

glucosestudy

ConcFeiE?rlation Annexin V binding (% positive)
‘glﬁgggg Day 2 Day 3 Day 6 Day 8 Day 10
OmmollL | 13.53+3.60 | 26.02+357 | 48.94+3.66 | 60.40+4.04 | 66.31 +4.88
75mmolL | 9.11+286 | 10.13+3.16 | 18.95+5.76 | 40.98 +3.60 | 52.65 + 4.40
15 mmol/L | 949222 | 1079304 | 1287372 | 16254368 | oyt
30mmollL | 9.42+296 | 9.60+224 | 10.67+2.35 | 15.35+3.80 | 15.73 +3.60

Mean = SD (n=5)
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Mean fluorescence intensity (MFI) was higher thioogt storage in the test group
lacking glucose (figure 5.20). This resulted irtistacally significant differences on day
3, 6 and 8 between units lacking glucose and at le@o of the other test groups
(p<0.001, p=0.009 and p=0.001, respectively) (tdhkl). However, no association
between glucose concentration in the medium an@xanrV binding MFI was seen.

MFI was retained at relatively stable levels intaBt groups to the end of storage, with
no statistically significant difference between anf the test groups by day 10
(p=0.107) (table 5.41).
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Table 5.41: Statistical comparison for Annexin V binding (MFI) — glucose study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.134 <0.001 0.009 0.001 0.107
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 3 Day 6 Day 8
GLU-300 vs. GLU-000 <0.001 (0.009) NS <0.001 (0.009)

GLU-150 vs. GLU-000

0.001 (0.013)

0.006 (0.010)

0.001 (0.010)

GLU-075 vs. GLU-000 <0.001 (0.010) 0.004 (0.009) NS
GLU-300 vs. GLU-075 NS NS NS
GLU-300 vs. GLU-150 NS NS NS
GLU-150 vs. GLU-075 NS NS NS

Statistical significance: Unadjusted P value (critical Level) NS = Not significant

Table 5.42: Summary results for Annexin V binding expressed as MFI - glucose study

ConcFeiE?rlation Annexin V binding (mean fluorescence intensity)
‘glﬁggseg Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 39.9+73 50.4+5.6 482+7.4 49.7+7.8 46.5+4.3
7.5 mmol/L 31.7+5.8 34.7+6.1 355+3.1 424 +55 399+ 7.0
15 mmol/L 35.6 £6.6 36.3+5.5 36.2+6.6 36.2+25 38.7+ 5.0
30 mmol/L 31.0+5.2 345148 441 £5.7 353+14 419+ 2.4

Mean = SD (n=5)

The concentrations of the four phosphatidylethamale (PE) species are shown in
figure 5.21. Levels of all four forms of PE incredswith storage, with the expressions
in the unit lacking glucose consistently highernthia the units containing added
glucose. A suggestion of a dose-dependent pattettmei three units containing glucose
may be evident in that the expression of all PEnfowas lower in the unit with 30
mmol/L added glucose. However, it would be prenatorinfer a relationship between
the extent of PE expression and glucose concemtratiom one result. Initial
determination of surface phospholipid exposure lagsrspectrometry generated results
for phosphatidylserine that did not confirm thetpat obtained by flow cytometric
annexin V binding (percent positive results) inttlzadecrease in expression with
storage was noted in all four test groups and eardllifference in results between the

different concentrations of glucose was seen. Titfico whether these results were
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reproducible, a further set of mass spectrometrgsmeements were undertaken and it is

the results from this second experiment that apeodhuced here. The expression of

phosphatidylserine obtained by mass spectrometoyvati a decrease in expression

with storage, noted in all four test groups, anctlear difference in results between the

different concentrations of glucose — a marked atesm from the pattern obtained by

annexin V binding. A similar set of results was abed with both experiments,

suggesting that the discrepant results are notssadéy due to an error in the

preparation of the samples for mass spectrometry.
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Mitochondrial Membrane Potential

Mitochondrial membrane potential on day 2 showadilar activity in all three test
groups containing glucose, with mean ratios betw@&@&é + 1.23 for units with 7.5
mmol/L to 9.03 £ 1.01 in units with 30 mmol/L. Bymtrast, units lacking glucose had
significantly lower mean ratios of 5.98 + 1.15 (p3®4) (table 5.43). Levels decreased
with storage in all four test groups. In units witih added glucose, MMP ratios
stabilised by day 6 at approximately 3 (2.95 + GohOday 10); close to the assay limit
of 2.7 suggested by the albumin-containing unitstudy 2. Figure 5.22 suggests an
accelerated disruption of the MMP occurred with éowconcentrations of added
glucose, with mean day 8 ratios of 3.30 + 0.16 &u6& + 1.76 in units with 7.5 mmol/L
and 30mmol/L added glucose, respectively (p=0.(G®)e 5.44).
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Table 5.43: Statistical comparison for MMP (JC-1 Red/Green Fluorescence) — glucose

study
Comparison Between Groups
Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.004 <0.001 <0.001 0.006 0.022
Multiple Pairwise Comparison (Holm-Sidak method)

Comparison Day 2 Day 3 Day 6 Day 8
GLU-300 vs. GLU-000 0.001 (0.009) (<00.601%1) Fo?b%%l) 0.003 (0.009)
GLU-150 vs. GLU-000 | 0.003 (0.010) fo%%%l) 0.001 (0.010) NS
GLU-075 vs. GLU-000 0.004 (0.013) (<09601%]5 0.002 (0.013) NS
GLU-300 vs. GLU-075 NS NS NS 0.006 (0.010)
GLU-300 vs. GLU-150 NS NS NS NS
GLU-150 vs. GLU-075 NS NS NS NS

Statistical significance: Unadjusted P value (critical Level)

NS = Not significant

Table 5.44: Summary results for mitochondrial membrane potential - glucose study

ConcFeig?rlation Mitochondrial membrane potential (JC-1 Red/Green MFI)
gﬁgggg Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 5,98 +1.15 4.15+£0.59 3.18+0.13 3.01 £ 0.06 2.95+0.10
7.5 mmol/L 8.66 + 1.23 8.34+£0.74 5.64+1.14 3.30+£0.16 3.17 +£0.06
15 mmol/L 8.73+1.53 8.46 £ 0.61 5.74 + 1.57 5.00£1.53 3.67+1.02
30 mmol/L 9.03+1.01 7.90+£1.30 6.67 £0.71 5.65+1.76 473+1.39

Mean = SD; n=5
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Intracellular free calcium

Intracellular free calcium levels were similar oayd 2 and 3, with no statistically
significant differences evident between the fouwst tgroups (p=0.745 on day 2 and
p=0.929 on day 3) (table 5.45). Beyond this timénptevels deviated (figure 5.23).
They remained stable in units with 30 mmol/L thrbogt the storage period. In units
with 15 mmol/L added glucose, levels remained sirylstable until day 8, increasing
to a mean ratio of 0.46 £ 0.17 on day 10 from am&a0.34 = 0.05 on day 8. A similar
increase was observed earlier in the storage peaniaghits with 7.5 mmol/L added
glucose, with day 8 levels increasing to a mead.%2 + 0.9 on day 8 from a mean ratio
of 0.35 + 0.05 on day 6 (table 5.46). Levels irstlaist test group continued to increase,
with no statistically significant differences obsed between this test group and units
lacking added glucose on either day 8 or 10 (t&bi&). Of note is that the numerical
values for the ratios of Fluo-4/Fura-Red observedhis study were markedly lower
than the levels observed with the addition of tekiom ionophore A23187 (14.95 +
3.41 in units with no added glucose on day 10) sughest that the release of calcium

into the cytosol was relatively low.
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Table 5.45: Statistical comparison for intracellular free calcium — glucose study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.745 0.929 0.003 <0.001 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)

Comparison Day 6 Day 8 Day 10
GLU-300 vs. GLU-000 0.001 (0.009) <0.001 (0.009) <0.001 (0.009)
GLU-150 vs. GLU-000 0.002 (0.010) <0.001 (0.010) 0.001 (0.013)
GLU-075 vs. GLU-000 0.008 (0.013) NS NS
GLU-300 vs. GLU-075 NS 0.001 (0.013) <0.001 (0.010)
GLU-300 vs. GLU-150 NS NS NS
GLU-150 vs. GLU-075 NS 0.002 (0.017) 0.004 (0.017)

Statistical significance: Unadjusted P value (critical Level)

NS =

Not significant

Table 5.46: Summary results for intracellular free calcium - glucose study

ConcFeirr}?rlation Intracellular free calcium (Fluo-4/FuraRed)
‘glﬁggseg Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 0.35+0.06 0.33+£0.05 0.51+£0.15 0.62 + 0.11 0.89 £0.20
7.5 mmol/L 0.33+0.04 0.31+£0.04 0.35+0.05 0.52 £ 0.09 0.81+0.20
15 mmol/L 0.35+0.05 0.32+£0.05 0.31+£0.05 0.34 £ 0.05 0.46+0.17
30 mmol/L 0.32 +£0.03 0.32+£0.04 0.30 £0.03 0.33+0.03 0.31+0.02
Mean +SD; n=5
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A more detailed examination of the flow cytometigtbgrams revealed a distinct sub-
population of platelets was responsible for theralencrease in the Fluo-4/FuraRed
ratios, and that this sub-population failed to megpto the addition of A23187 (figure
5.24).
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Figure 5.24: Staining characteristics of platelets incubated with Fluo-4 and FuraRed in a
representative unit with no added glucose. A) Day 2 platelets showing minimal uptake of the
dyes compared with B) which displays the response following the addition of 5 pL of 2 mM
A23187. C + D) Histograms of platelets from the same unit on day 10 showing a sub-population
of platelets in D3 with substantially reduced fluorescence from FuraRed and a lack of response

to the addition of the calcium ionophore.
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DISCUSSION

The depletion of glucose coincided with an increasannexin V binding (% positive),
as well as a decrease in ATP and platelet condemirgthe last indicating platelet
disruption), with a statistically significant losd platelets with ATP levels below 2
umol/10plts (p<0.001). The observed increase in soluble6ZFD followed this
timeline and may reflect platelet disruption in #ieh to shedding of surface of
CD62P. The aminophospholipid translocase belieadzkbtresponsible for preferentially
maintaining PE and PS on the inner leaflet of tlasmpa membrane is ATP-dependent
(Zwaal and Schroit, 1997). Thus, a loss of traredecactivity as ATP levels declined
could at least partly explain the increase in photipid expression with storage. The
steep rise in annexin V binding as glucose storesdapleted was coincident with
increased levels of intracellular free calcium,utjo quantitatively the increases may be
small and may not attain the micromolar concerdretithat have been reported to
accelerate the adverse effect on the translocasaalzand Schroit, 1997). The increase
in intracellular free calcium may also be direatblated to the decline in ATP, since
calcium-regulatory channels such as the sarco/dasimic C&* ATPase (SERCA) and
the plasma membrane €#TPases (PMCA) are ATP-dependent (Varga-Szabo.et al
2009).

The synthesis of ATP is a critical role of mitochkloia, driven by the electron transport
chain on the inner mitochondrial membrane. Disauptof the proton motive force
would result in depolarisation of the membrane ptd regarded in some studies as an
early event in apoptosis (Mignotte and VayssieB98). The mitochondrial membrane
potential A¥m) was observed to decline from the start of theagfe period in all units,
indicating impaired function of the organelle witorage, irrespective of the glucose
concentration. In addition, however, there werenificantly lower levels in units
lacking glucose. The results suggest a relationlsbtpreen the presence of glucose and
improved mitochondrial function (though care isuigd in the interpretation of the
results due to the relatively high variability be®en replicates).

The observations seemed consistent with the prbploata process akin to apoptosis
was a central component of the platelet storagerieslowever, the loss of ATP and

cellular disruption coincident with the exhaustmfrglucose stores is not consistentwith
210



the classical description of apoptosis, sinceithem energy dependent process (Kung et
al., 2011). A possible scenario is that platelétsesl as concentrates in conditions
where glucose is absent become progressively @éepletATP, leading to the surface
expression of aminophospholipids in a hon-energeddent process more reminiscent

of necrosis.

HSR and ESC values in SAS-suspended PCs were lompared with PCs re-
suspended in 100% plasma, as well as values report¢he literature for platelets
stored in additive solutions containing potassiuma anagnesium (Gulliksson et al.,
2002, VandenBroeke et al., 2004). A possible exgilan may lie in the harsh PC
processing method in combination with the low realiplasma levels, which may have
activated the platelets prior to storage. A furttaetor may be the lack of calcium in the
SAS, with Wagner et al reporting lower ESC and bigburface CD62P expression in
platelets suspended in M-Sol without’Gaan observation that concurs with the results
in the present study (Wagner et al., 2010). Thatikadly high phosphate concentration
may have also promoted glycolysis and may explai@ telatively high glucose
consumption rates compared to published resultsd{@an et al., 2008, Gulliksson et
al., 2003).
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CHAPTER 6. IMPACT ON PLATELET IN VITRO STORAGE
CHARACTERISTICS OF THE INCLUSION OF ACETATE TO ADDITIVE
SOLUTIONS

INTRODUCTION

Acetate is one of four reagents regarded by sontleoeias a beneficial, or even
essential, component of platelet additive solutigts Wildt-Eggen and Gulliksson,
2003). It is believed to function as a substratederobic metabolism, and has been
found to decrease the requirement for glucose enstispending medium (Ringwald et
al., 2006). It is also expected to act as a budiiece its entry into the tricarboxylic acid
cycle requires a hydrogen ion (Murphy, 1999), thesulting in the maintenance of a
higher extracellular pH. In addition, it is knowa teduce the production of lactate,
possibly due to an inhibitory effect on phosphofokinase — a rate-limiting enzyme in
glycolysis (Murphy, 1995). The majority of publicats on the impact of acetate on
platelet characteristics have concentrated on tb&lolic effects, with less emphasis
placed on its role on other aspects of the plaggtagage lesion. This study thus aimed to
determine the impact of different concentrationsaoétate on platelet activation and

indicators of cell death.

All results are presented as mean + standard deviaf 5 separate experiments, with
statistical comparisons undertaken by a one way XNOA p-value below 0.01 was
considered statistically significant. Subsequenttiple comparisons were performed
by the Holm-Sidak method, with an overall significa level of 0.05. The four test
groups are:

ACE-000-nn (no acetate added)

ACE-014-nn (final concentration of 14 mmol/L)

ACE-028-nn (final concentration of 28 mmol/L)

ACE-056-nn (final concentration of 56 mmol/L)

(In each case, nn refers to a unique test number)
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The graphs also show the median + range of 3 ipliexperiments performed with PC
manufactured by the same method but re-suspendd®(fb autologous plasma to
provide a visual estimation of the possible impzfdhe harsh processing on the platelet

in vitro characteristics.

RESULTS

Platelet Yield and Volume

The mean platelet yield and volume is reportecabiet 6.1, with all units meeting the
UK Guidelines’ specification for platelet yield240 x 18 per unit (James, 2005)
Volumes were comparable to those obtained in ssu@eand 3. No statistically
significant differences were evident between anyhef groups for either platelet yield
(p=0.988) or volume (p=0.952). All units were swesfelly leucedepleted (residual
WBC count <1x18unit) and were confirmed negative for bacteriahtemination at

the end of storage.

Table 6.1: Platelet yield and unit volume prior to sampling

Treatment Group Platelet Yield (x10°/unit) Volume (mL)
ACE-000-nn 286.2 £ 23.5 340.6 £3.1
ACE-014-nn 283.5+23.1 340.2+6.5
ACE-028-nn 282.1+24.2 341.5+4.7
ACE-056-nn 281.3+20.7 340.1+1.7

Data are presented as mean + SD (n=5)
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Function and Morphology

Platelet Concentration and Mean Platelet Volume

Platelet concentration decreased in all treatmesipgs with storage (figure 6.1). There

was no statistically significant difference betweagoups at any time point (table 6.2).

The loss of platelets was similar in all four tgedups, with concentrations at the end of
the storage period being 93.2 — 95.2% of day 2ldey@mble 6.3). This loss was

comparable to the decrease noted in conventionadigufactured platelet concentrates

in plasma (92.8%) reported in chapter 3.
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Figure 6.1: Platelet concentration
(acetate study; mean, n=5; 100%

plasma n=3)

Comparison Between Groups (One Way ANOVA)

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.985 0.824 0.974 0.952 0.949
Table 6.3: Summary results for platelet concentration - acetate study
Final . 9
Concentration Platelet concentration (x10°/L)
of Added
Acetate Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 840 £ 65 849 £ 61 83562 824 +52 791+ 72
14 mmol/L 834 +£73 846 £ 75 83278 812 + 69 794 £73
28 mmol/L 826 £ 64 816 £ 62 824 +72 814 + 66 779+73
56 mmol/L 827 £ 62 815 £ 64 815+ 79 80072 771 £ 63

Mean % SD (n=5)
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Day 2 values for mean platelet volume ranged framean of 7.9 + 0.2 fL in units with
no added acetate to 8.1 = 0.2 fL in units with 58atiL added acetate (p=0.444) (Table
6.5). MPV increased with storage in all test groufise increase was greater in units
with no added acetate and units with the highestewotration of acetate (56 mmol/L),
with statistically significant differences betwetthrese units and the remaining two test
groups on day 8 (p<0.001) (table 6.4). It shouldnio¢ed, however, that the mean
differences in MPV on day 10 between the test gsomps a maximum of 0.5 fL but
this was not associated with platelet disruptian,shown by the lack of significant

differences in the platelet concentration.
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Table 6.4: Statistical comparison for mean platelet volume - acetate study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10

One Way ANOVA 0.444 0.261 <0.001 <0.001 0.016

Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 6 Day 8

ACE-056 vs. ACE-000 NS NS
ACE-028 vs. ACE-000 0.001(0.010) 0.005 (0.017)
ACE-014 vs. ACE-000 <0.001(0.009) <0.001 (0.010)
ACE-056 vs. ACE-014 0.006(0.013) <0.001 (0.009)
ACE-056 vs. ACE-028 NS 0.002 (0.013)
ACE-028 vs. ACE-014 NS NS

Statistical significance: Unadjusted P value (critical Level)

NS =

Table 6.5: Summary results for mean platelet volume - acetate study

Not significant

Final Mean platelet volume (fL)
Concentration
of Added Day 2 Day 3 Day 6 Day 8 Day 10
Acetate
0 mmol/L 7.9+0.2 7.9+0.2 8.7+0.3 8.8+0.3 9.2+0.2
14 mmol/L 7.9+0.2 7.9+0.2 8.1+£0.2 8.3+0.1 8.7+0.4
28 mmol/L 8.0+0.2 7.9+0.2 8.1+£0.2 8.4+0.0 8.7+0.3
56 mmol/L 8.1+0.2 8.1+0.2 8.5+0.1 8.8+0.3 9.2+0.3
Mean % SD (n=5)
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Swirling

Swirling at the end of the storage period was maigeto strong in all test groups. In
units with no added acetate and 14 mmol/L acew#aling was at least moderate
throughout the storage period. In units with 28 imand 56 mmol/L acetate, weak
swirling was seen in some of the units on day 2itmproved over the storage period
(table 6.6).

Table 6.6: Swirling - acetate study (individual results)

Final Concentration Swirling
of Added Acetate TEST NUMBER
(mmol/l) DAY 2 DAY 3 DAY 6 DAY 8 DAY 10
ACE-000-01 3 2 3 3 3
ACE-000-05 2 3 3 3 3
0 mmol/l ACE-000-09 2 2 3 3 3
ACE-000-13 2 2 2 2 2
ACE-000-17 2 3 2 2 2
ACE-014-02 2 2 3 3 3
ACE-014-06 2 3 3 3 3
14 mmol/l ACE-014-10 2 2 3 3 3
ACE-014-14 2 2 2 2 2
ACE-014-18 2 2 2 2 2
ACE-028-03 2 2 2 3 3
ACE-028-07 2 2 3 3 3
28 mmol/l ACE-028-11 2 2 3 3 3
ACE-028-15 1 2 2 2 2
ACE-028-19 1 1 2 2 2
ACE-056-04 2 2 2 3 3
ACE-056-08 2 2 3 3 3
56 mmol/| ACE-056-12 1 1 2 3 3
ACE-056-16 1 2 2 2 2
ACE-056-20 1 1 2 2 2
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Hypotonic Shock Response and Extent of Shape Change

Statistically significant differences in hypotorshock responses were observed on day
2 between all the test groups with the exceptionnifs with no added acetate and units
with 14 mmol/L acetate (p<0.001). Mean day 2 lewelsnits with no acetate were 45.4
+ 4.7% compared to 16.5 £ 5.7% in units with 56 niimacetate (p<0.001) (table 6.7).
HSR in the latter test group remained stable thmoug the storage period. The chart
recordings from such low responses were virtudHdy dnd suggested the limits of this
assay were being reached. However, the respongie itest group with 28 mmol/L
acetate were also observed to be fairly stablejaiad from a mean of 27.7 £ 9.2% on
day 2 to 23.1 + 3.2% on day 10 (83% of day 2 v3alfezmble 6.8). By contrast, the
responses in units with no acetate decreased tod@3day 2 levels by end of storage
(45.4 £ 4.7% to 28.4 + 3.8% by day 10). The patmrggests a dose-dependent effect
of acetate on the hypotonic shock response occwagly during the storage period,

prior to the onset of measurements (figure 6.3).
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Table 6.7: Statistical comparison of hypotonic shock response - acetate study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA <0.001 <0.001 <0.001 <0.001 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)

Comparison Day 2 Day 3 Day 6 Day 8 Day 10
ACE-056 vs. ACE-000 (<00.600091) :09600091) (<00.600091) (<00.600091) Fo?b%%l)
e ceow | oot | ol | 0% o s
ACE-014 vs. ACE-000 NS NS NS NS NS
ACE-056 vs. ACE-014 (<00.601001) (<0%01001) (<00.601001) (<00.601001) (<00.601%1)
ACE-056 vs. ACE-028 (8:823) (8:8;) (828%) NS (8:822)
ACE-028 vs. ACE-014 (8832) (881% NS (881% NS

Statistical significance: Unadjusted P value (critical level)

Table 6.8: Summary results for hypotonic shock response - acetate study

NS = Not significant

Final Hypotonic shock response (%)
Concentration
of Added Day 2 Day 3 Day 6 Day 8 Day 10
Acetate
0 mmol/L 454+ 4.7 43.7+£5.2 36.5+5.5 31.2+2.6 28.4+3.8
14 mmol/L 374+23 37.6+6.1 30.8+4.9 30.5+5.0 274+ 3.1
28 mmol/L 27.7+9.2 27.3+5.9 26.9+5.1 23.3+3.3 23.1+ 3.2
56 mmol/L 16.5+5.7 17.0+£5.3 156 +3.1 17.8+4.6 155+ 45

Mean % SD (n=5)
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The same general pattern noted for hypotonic shesronse was observed with extent
of shape change (figure 6.4), although statisycalgnificant differences were only
present on day 3 between units with 56 mmol/L deedad units with either 14 mmol/L
acetate or no acetate (p=0.002) (table 6.9). Megn3dresults in units with no added
acetate were 19.1 + 3.1% compared with 10.2 + 4i@%anits with 56 mmol/L. The
response decreased by day 10 to a mean of 11.8% and 8.0 + 2.5, respectively
(p=0.041) (table 6.10).
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Table 6.9: Statistical comparison for extent of shape change - acetate study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.018 0.002 0.027 0.115 0.041
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 3

ACE-056 vs. ACE-000

<0.001 (0.009)

ACE-028 vs. ACE-000

NS

ACE-014 vs. ACE-000

NS

ACE-056 vs. ACE-014

0.003 (0.010)

ACE-056 vs. ACE-028

NS

ACE-028 vs. ACE-014

NS

Statistical significance: Unadjusted P value (critical level)

Table 6.10: Summary results for extent of shape change - acetate study

NS = Not significant

Final Extent of shape change (%)
Concentration
of Added Day 2 Day 3 Day 6 Day 8 Day 10
Acetate
0 mmol/L 18.6 £3.1 19.1+£3.1 16.2+2.9 125+2.8 11.8+1.7
14 mmol/L 16.8+3.8 17.3+2.7 13.4+3.1 12.7+2.0 106+ 1.7
28 mmol/L 158+3.1 13421 12.7+2.4 11.1+2.2 9.8+1.7
56 mmol/L 11.3+3.2 10.2+4.7 10.2+£2.6 95+1.8 80x2.5

Mean = SD (n=5)

221




Platelet Metabolism

Extracellular pH 37ec)

PHg7oc) levels in all test groups were similar on day 2Q@d98), with mean levels
ranging between 7.252 + 0.011 and 7.275 £ 0.01binits with O mmol/L and 28
mmol/L acetate, respectively (table 6.12). Levelbsequently decreased with storage
in all test groups, with the rate of decrease Sicpntly greater in the test group lacking
acetate (figure 6.5). Statistically significantfdiences were present between these units
and units with added acetate on days 3 (p=0.002)d68 (p<0.001 for both days), with
pHs7-c in units lacking acetate reaching a minimum lese6.817 + 0.050 on day 8.
Figure 6.5 suggests that in units with added aeefath;-c decreased more rapidly in
units with 56 mmol/L acetate compared with the rigning two test groups, with
statistically significant differences between uniti¢h 56 mmol/L and 28 mmol/L
acetate on day 8 (mean levels of 6.999 + 0.042 a080 = 0.026, respectively;
p<0.001) and between units with 56 mmol/L and 14aliimacetate on day 10 (mean
levels of 6.902 + 0.061 and 6.994 * 0.028, respeltj p=0.001) (table 6.11). The
increase in phk-c in units lacking acetate observed after day 8 mmaattributable to

the depletion of glucose stores in these unitsi(@g.6).
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Table 6.11: Statistical comparison for pH (37°C) - acetate study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.198 0.002 <0.001 <0.001 0.001
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 3 Day 6 Day 8 Day 10
<0.001 <0.001
ACE-056 vs. ACE-000 0.005 (0.013) (0.013) (0.013) NS
<0.001 <0.001 <0.001
ACE-028 vs. ACE-000 (0.009) (0.009) (0.009) 0.005 (0.013)
<0.001 <0.001 <0.001
ACE-014 vs. ACE-000 0.005 (0.010) (0.010) (0.010) (0.009)
ACE-056 vs. ACE-014 NS NS NS 0.004 (0.010)
ACE-056 vs. ACE-028 NS NS 0.010 (0.017) NS
ACE-028 vs. ACE-014 NS NS NS NS

Statistical significance: Unadjusted P value (critical level)

Table 6.12: Summary results for pH (37°C) - acetate study

NS = Not significant

Final
Concentration pH (37°C)

O/f\é?g?ed Day 2 Day 3 Day 6 Day 8 Day 10

0 mmol/L 7.252 + 7.198 6.946 + 6.817 + 6.866 +
0.011 0.023 0.055 0.050 0.045

14 mmol/L 7.257 + 7.248 7.159 + 7.060 + 6.994 +
0.023 0.033 0.047 0.051 0.028

28 mmol/L 7.275 7.271 7.180 + 7.080 + 6.955 +
0.015 0.019 0.020 0.026 0.034

56 mmol/L 7.258 + 7.248 7.127 + 6.999 + 6.902 +
0.017 0.020 0.026 0.042 0.061

Mean % SD (n=5)
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Glucose and Lactate Levels

Glucose levels decreased at approximately the sataeen all units containing acetate,
with no statistically significant differences bewvethese three test groups at any point
during storage (table 6.13). Levels on day 2 rangech 10.5 + 1.4 mmol/L in units
with 14 mmol/L acetate to 12.1 £ 0.7 mmol/L in @wvith 28 mmol/L acetate. By the
end of storage, glucose stores had been esserdglgted in units with 56 mmol/L
acetate (0.1 £ 0.3 mmol/L). In units with 14 mmobhd 28 mmol/L acetate, day 10
glucose levels were 0.9 + 1.2 and 1.4 =+ 0.8 mmaiéspectively (table 6.14). In the
units lacking acetate glucose was metabolisedfaster rate, with stores depleted by
day 8 and a statistically significant differencevibeen these units and the three test
groups with added acetate (p<0.001) (table 6.13).
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Table 6.13: Statistical comparison for glucose concentration - acetate study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10

One Way ANOVA 0.250 0.155 0.003 <0.001 0.040

Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 6 Day 8

ACE-056 vs. ACE-000 0.008 (0.010) 0.004 (0.013)
ACE-028 vs. ACE-000 <0.001 (0.009) <0.001 (0.009)
ACE-014 vs. ACE-000 NS 0.003 (0.010)
ACE-056 vs. ACE-014 NS NS
ACE-056 vs. ACE-028 NS NS
ACE-028 vs. ACE-014 NS NS

Statistical significance: Unadjusted P value (critical level)

NS = Not significant

Table 6.14: Summary results for glucose concentration - acetate study

ConcFeiE?rlation Glucose concentration (mmol/L)
O/T\(:Ae‘:gteed Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 116+14 10.1+£15 36+1.6 0.1+0.2 0.0+0.0
14 mmol/L 105+14 95+15 6.1+1.8 3.1+20 09+1.2
28 mmol/L 12.1+£0.7 11.4+£05 7.7+0.6 4.7 +0.8 1.4+0.8
56 mmol/L 11.2+1.3 104+£1.3 6.4+1.4 3.0x1.7 0.1+0.3

Mean % SD (n=5)
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The pattern of glucose utilisation described abeas mirrored in the levels of lactate,
which increased at a faster rate in the test gtacking acetate. Lactate levels in these
units reached a maximum of 22 + 3 mmol/L on day&ore decreasing marginally
after the depletion of glucose (figure 6.7). In these test groups with added acetate,
lactate levels increased throughout storage, watlstatistically significant differences
at any time point (table 6.15). In contrast, stetaly significant differences were
observed between units with no exogenous acetat¢hanthree test groups with added
acetate on days 2 to 8 (p<0.001 to 0.001). By dath#& cessation of lactate production
in the former due to the depletion of glucose resulin similar values for lactate
concentration in all test groups (p=0.541) (tablEd
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Table 6.15: Statistical comparison for lactate concentration - acetate study

Comparison Between Groups

Day 2 Day 6 Day 8 Day 10
One Way ANOVA <0.001 <0.001 <0.001 0.001 0.541
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 2 Day 3 Day 6 Day 8
<0.001 <0.001 <0.001
ACE-056 vs. ACE-000 (0.010) (0.010) (0.013) 0.003 (0.009)
<0.001 <0.001 <0.001
ACE-028 vs. ACE-000 0.001 (0.013) (0.009) (0.010) (0.010)
<0.001 <0.001 <0.001 <0.001
ACE-014 vs. ACE-000 (0.009) (0.013) (0.009) (0.009)
ACE-056 vs. ACE-014 NS NS NS NS
ACE-056 vs. ACE-028 NS NS NS NS
ACE-028 vs. ACE-014 NS NS NS NS

Statistical significance: Unadjusted P value (critical level)

Table 6.16: Summary results for lactate concentration - acetate study

NS = Not significant

ConcFeirr}?rlation Lactate concentration (mmol/L)
OA‘: (';Ot'gfed Day 2 Day 3 Day 6 Day 8 Day 10
0 mmol/L 27+0.1 54+0.5 16.5+2.1 22+3 21+ 4
14 mmol/L 22+0.1 4.0+0.2 10.4+£0.9 15+2 19+2
28 mmol/L 23+0.2 4.0+0.3 10.4+£0.9 15+1 20+£3
56 mmol/L 22+0.2 4.0+0.5 112+14 17+£2 21+4

Mean % SD (n=5)
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Glucose consumption and lactate production conflvat glucose stores were depleted
more rapidly in units lacking acetate (figures &l 6.9). Rates in these units reached a
maximum between days 3 to 6 (2.57 + 0.14 mmol/ddfplts for glucose
consumption; 4.39 + 0.42 mmol/day/gits for lactate production) (tables 6.18 and
6.20). Beyond day 6 rates decreased, with minim@dyction of lactate between days 8
and 10 coinciding with the depletion of glucosereso Statistically significant
differences in glucose consumption between unitkitg acetate and the three test
groups with added acetate were observed between2dty 3, 3 to 6 and between days
8 to 10 (p<0.001 in all cases) (table 6.17). Simddferences were found in lactate
production (table 6.21). No significant differencesre evident between the three test

groups containing exogenous acetate.
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Table 6.17: Statistical comparison for glucose consumption - acetate study

Comparison Between Groups

Day 2-3 Day 3-6 Day 6-8 Day 8-10
One Way ANOVA <0.001 <0.001 0.580 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 2-3 Day 3-6 Day 8-10

ACE-056 vs. ACE-000

<0.001 (0.002)

<0.001 (0.003)

<0.001 (0.002)

ACE-028 vs. ACE-000

<0.001 (0.002)

<0.001 (0.002)

<0.001 (0.002)

ACE-014 vs. ACE-000 NS <0.001 (0.002) NS
ACE-056 vs. ACE-014 NS NS NS
ACE-056 vs. ACE-028 NS NS NS
ACE-028 vs. ACE-014 NS NS NS

Statistical significance: Unadjusted P value (critical level)

Table 6.18: Summary results for glucose consumption - acetate study

NS = Not significant

ConcFeiE?rlation Glucose consumption (mmol/day/10™ plts)
0; éot'gfed Day 2-3 Day 3-6 Day 6-8 Day 8-10
0 mmol/L 1.78 £0.16 257+£0.14 2.12+0.89 0.06 £ 0.14
14 mmol/L 1.21+£0.20 1.40 £0.15 1.79+£0.21 1.46 £ 0.63
28 mmol/L 0.92+0.34 1.53+£0.13 1.81+£0.15 211+0.21
56 mmol/L 1.00 £0.39 1.66 £0.16 2.09+0.24 1.85+1.03
Mean % SD (n=5)
Table 6.19: Statistical comparison for lactate production - acetate study
Comparison Between Groups
Day 2-3 Day 3-6 Day 6-8 Day 8-10
One Way ANOVA <0.001 <0.001 0.772 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 2-3 Day 3-6 Day 8-10

ACE-056 vs. ACE-000

<0.001 (0.002)

<0.001 (0.003)

<0.001 (0.002)

ACE-028 vs. ACE-000

<0.001 (0.002)

<0.001 (0.002)

<0.001 (0.002)

ACE-014 vs. ACE-000

<0.001 (0.003)

<0.001 (0.002)

0.002 (0.003)

ACE-056 vs. ACE-014 NS NS NS
ACE-056 vs. ACE-028 NS NS NS
ACE-028 vs. ACE-014 NS NS NS

Statistical significance: Unadjusted P value (critical level)

NS = Not significant
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Table 6.20: Summary results for lactate production — acetate study

Final Lactate production (mmol/day/10* plts)
Concentration

of Added Day 2-3 Day 3-6 Day 6-8 Day 8-10

Acetate

0 mmol/L 3.24+0.24 4.39+0.42 3.26 +1.59 -0.61 +0.29
14 mmol/L 2.20+0.21 257 +0.22 2.90+0.34 2.29 +0.89
28 mmol/L 2.07+£0.18 2.64 £0.18 3.03+0.30 3.11+0.80
56 mmol/L 2.18+0.38 2.96 £ 0.36 3.44 +0.59 294 +2.01

Mean = SD (n=5)

Bicarbonate Levels

Bicarbonate levels on day 2 ranged from 14.83 ¥ Iamol/L in units with 14 mmol/L
acetate to 16.22 = 0.38 mmol/L in units with 28 niin@cetate (table 6.22), with no

statistically significant differences between ariytlee test groups (p=0.315) on days 2

and 3 (p=0.308). Beyond day 3, bicarbonate levelsahsed at a faster rate in units

with no added acetate, with statistically signifitdifferences between these units and

the test groups with acetate at all remaining tpoets (p<0.001 in all cases) (figure

6.10), reflecting the more acute consumption ofcgde in the test group lacking

acetate. Bicarbonate levels in units with no exogsnacetate reached a minimum on
day 10 of 2.63 = 0.24 mmol/L compared to 5.79 +£10r@mol/L in units with 28

mmol/L acetate (table 6.22). There was a suggestianbicarbonate was more rapidly

consumed in units with 56 mmol/L compared with thleer two test groups containing

acetate, with statistically significant differencas day 10 against the test groups with

14 and 28 mmol/L added acetate (table 6.21).
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Table 6.21: Statistical comparison for bicarbonate concentration - acetate study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.315 0.308 <0.001 <0.001 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 6 Day 8 Day 10

ACE-056 vs. ACE-000

<0.001 (0.013)

<0.001 (0.013)

<0.001 (0.013)

ACE-028 vs. ACE-000

<0.001 (0.009)

<0.001 (0.009)

<0.001 (0.009)

ACE-014 vs. ACE-000

<0.001 (0.010)

<0.001 (0.010)

<0.001 (0.010)

ACE-056 vs. ACE-014 NS NS 0.002 (0.025)
ACE-056 vs. ACE-028 NS 0.007 (0.017) <0.001 (0.017)
ACE-028 vs. ACE-014 NS NS NS

Statistical significance: Unadjusted P value (critical level)

NS = Not significant

Table 6.22: Summary results for bicarbonate concentration - acetate study

Final Bicarbonate concentration (mmol/L)
Concentration
of Added Day 2 Day 3 Day 6 Day 10
Acetate
0 mmol/L 1599+£1.19 | 14.00+1.12 6.98 £ 0.80 3.59 £0.23 2.63+0.24
14 mmol/L 1483 +£1.77 | 13.72+1.36 | 10.35+0.87 7.85 £ 0.69 5.56 £ 0.26
28 mmol/L 16.22£0.38 | 15.02+0.34 | 11.46 +0.66 8.65+0.79 579+091
56 mmol/L 15.34+1.25 | 14.17+1.25 | 10.21 £0.97 7.23+0.97 4.23 £0.53

Mean = SD (n=5)
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Blood Gases

Partial pressures of oxygen increased steadilyits with added acetate throughout the
storage period, from day 2 pressures of approximdi®8.5 kPa to day 10 pressures
ranging from 17.5 + 1.5 kPa in units with 14 mmo#tetate to 19.3 £ 1.6 kPa in units
with 56 mmol/L acetate (table 6.24). However, natistically significant differences
were evident between any of these three test grau@sy time point (table 6.23). Day 2
pO, mean values in units lacking acetate were higan in the test groups containing
acetate (16.2 + 1.4 kPa compared with 13.5 kPajugh this did not result in a
statistically significant difference (p=0.042). Ralrpressures continued to increase and
reached a maximum on day 6 (19.3 + 1.0 kPa), watissically significant differences
evident between units with no added acetate anthr@é test groups containing acetate
(p=0.002) (table 6.23, figure 6.11). By the endstdrage, no statistically significant

differences were observed between any of the tesipg (p=0.116).
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Table 6.23: Statistical comparison for pO, - acetate study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.042 0.117 0.002 0.234 0.116
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 6
ACE-056 vs. ACE-000 0.002 (0.013)
ACE-028 vs. ACE-000 <0.001 (0.009)
ACE-014 vs. ACE-000 0.001 (0.010)
ACE-056 vs. ACE-014 NS
ACE-056 vs. ACE-028 NS
ACE-028 vs. ACE-014 NS

Statistical significance: Unadjusted P value (critical level)

Table 6.24: Summary results for pO, (37°C) - acetate study

NS = Not significant

Final pO; (37°C) (kPa)
Concentration
of Added Day 2 Day 3 Day 6 Day 8 Day 10
Acetate
0 mmol/L 16.2+x14 171 +1.7 19.3+1.0 18.6+1.6 195+15
14 mmol/L 13.3+1.8 147+1.6 16.0+1.6 16.8+1.3 175+ 15
28 mmol/L 13.7x2.0 14720 158+1.4 16.7+1.8 179+ 1.6
56 mmol/L 13.3+1.6 145+£1.9 16.3+1.1 175+1.5 193+ 1.6

Mean % SD (n=5)
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In units containing added acetate, pCdecreased gradually with storage from day 2
levels between 4.03 + 0.27 kPa to 4.25 = 0.13 kPanits with 14 and 28 mmol/L
acetate, respectively, to end of storage valuesdsst 2.66 + 0.58 kPa and 3.16 + 0.35
kPa in units with 56 and 28 mmol/L acetate, redpelst (table 6.26). There were no
statistically significant differences between arfytlee groups with acetate at any time
during storage (table 6.25). Units with no addedtate had starting pGOvalues
similar to the other three test groups (p=0.11®ydhd day 6, pC&decreased faster
compared to the other test groups, resulting in Haywalues of 1.77 + 0.18 kPa and
statistically significant differences compared totsi containing acetate (p<0.001) (table
6.25) (figure 6.12). This decrease in pg@incided with the decrease in pletween

days 6 and 8 and the decrease in the rate of gluzmssumption.

pCoO, (37°C) (kPa)

—@&—— ACE-000-nn
—@&—— ACE-014-nn
24 —@— ACE-028-nn
—@—— ACE-056-nn

0T o Figure 6.12: pCO, (37°C)
1 2 3 4 5 & 7 8 9 10 1 (acetate study; mean * SD, n=5;
Day tested 100% plasma n=3)
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Table 6.25: Statistical comparison for pCO, - acetate study

Comparison Between Groups
Day 2 Day 3 Day 6 Day 8 Day 10

One Way ANOVA 0.115 0.007 0.238 0.002 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 3 Day 8 Day 10
ACE-056 vs. ACE-000 0.009 (0.010) <0.001 (0.009) 0.001 (0.013)
ACE-028 vs. ACE-000 NS <0.001 (0.010) <0.001 (0.009)
ACE-014 vs. ACE-000 0.001 (0.009) 0.005 (0.013) <0.001 (0.010)
ACE-056 vs. ACE-014 NS NS NS
ACE-056 vs. ACE-028 NS NS NS
ACE-028 vs. ACE-014 NS NS NS

Statistical significance: Unadjusted P value (critical level)

NS = Not significant

Table 6.26: Summary results for pCO, (37°C) - acetate study

Final . pCO, (37°C) (kPa)
Concentration
of Added Day 2 Day 3 Day 6 Day 8 Day 10
Acetate
0 mmol/L 4,42 +0.28 4,38 +0.33 3.90£0.39 2.73 + 0.45 1.77£0.18
14 mmol/L 4,03 +0.27 3.81+0.12 3.54+0.12 3.36 £0.10 2.78+0.19
28 mmol/L 4,25+0.13 3.98+0.15 3.73+0.23 3.54+£0.28 3.16+0.35
56 mmol/L 4,18 +0.23 3.95+0.25 3.75+£0.24 3.55+0.29 2.66 +0.58

Mean = SD (n=5)
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Oxygen consumption correlated with the resultgpfmtial pressures of oxygen, with the
significantly lower rates in the treatment groupkiag acetate corresponding to the
increased retention of oxygen in these units (Bg6rl3). Statistically significant
differences between units lacking acetate and hiheettest groups with acetate were
obtained on days 2 (p=0.009) and day 6 (p<0.00ith mean rates at these time points
of 0.19 + 0.02 and 0.12 + 0.02 mmol/miniflls, respectively, for the test group
lacking acetate (table 6.28). By day 8, there werestatistically significant differences
between any of the four test groups (p=0.081) ¢&&h27).
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Table 6.27: Statistical comparison for oxygen consumption rate - acetate study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.009 0.039 <0.001 0.081 0.032
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 2 Day 6

ACE-056 vs. ACE-000

<0.001 (0.009)

<0.001 (0.013)

ACE-028 vs. ACE-000

<0.001 (0.013)

<0.001 (0.009)

ACE-014 vs. ACE-000

<0.001 (0.010)

<0.001 (0.010)

ACE-056 vs. ACE-014 NS NS
ACE-056 vs. ACE-028 NS NS
ACE-028 vs. ACE-014 NS NS

Statistical significance: Unadjusted P value (critical level)

NS = Not significant

Table 6.28: Summary results for oxygen consumption rate - acetate study

Final Oxygen consumption rate (nmol/min/10°plts)
Concentration
of Added Day 2 Day 3 Day 6 Day 8 Day 10
Acetate
0 mmol/L 0.19 £0.02 0.17 £0.03 0.12 £0.02 0.14 £ 0.03 0.13+£0.03
14 mmol/L 0.26 £0.03 0.22£0.04 0.20£0.02 0.18 £0.02 0.17£0.02
28 mmol/L 0.25+0.04 0.23+0.04 0.20£0.03 0.19+£0.03 0.17 £0.03
56 mmol/L 0.26 £0.03 0.24 £0.04 0.20£0.02 0.17 £0.03 0.13+£0.03

Mean = SD (n=5)
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ATP and ADP Levels

Day 2 levels of ATP ranged from 5.22 + 0.41 umottlls in units with 56 mmol/L
acetate to 5.48 + 0.65 umolMpits in units lacking exogenous acetate, with no
statistically significant differences between arfytlte test groups (p=0.876). In units
lacking acetate, ATP increased to maximal levelslayn6 of 6.91 + 0.68 pmol/ifplts,
with statistically significant differences betwe#rese units and the three test groups
containing acetate (p<0.001) (table 6.29). Leveisthis test group subsequently
declined by day 10 to 5.15 + 1.54 pmolffflts (table 6.30), with a statistically
significant difference only evident against unitishas6 mmol/L acetate (p=0.006). ATP
levels in units with 56 mmol/L acetate by day 10d hdecreased to 2.65 + 0.94
numol/10™plts compared to 4.02 + 0.3 and 4.00 + 0.22 pmd&lB in units with 28
and 14 mmol/L acetate, respectively; though thifeince was not statistically
significant due to the relatively large error barshe test group with 56 mmol/L (figure
6.14). By the end of storage, mean levels of ATRnits lacking acetate were 94% of
day 2 levels. By contrast, mean levels in unit$ V86 mmol/L added acetate were 51%
of levels on day 2 (table 6.30).
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Table 6.29: Statistical comparison of ATP levels between test groups - acetate study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10

One Way ANOVA 0.876 0.182 <0.001 0.003 0.006
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 6 Day 8 Day 10
ACE-056 vs. ACE-000 <0.001 (0.009) <0.001 (0.009) <0.001 (0.009)
ACE-028 vs. ACE-000 <0.001 (0.010) 0.003 (0.010) NS
ACE-014 vs. ACE-000 <0.001 (0.013) NS NS
ACE-056 vs. ACE-014 NS NS NS
ACE-056 vs. ACE-028 NS NS NS
ACE-028 vs. ACE-014 NS NS NS

Statistical significance: Unadjusted P value (critical level)

Table 6.30: Summary results for ATP levels - acetate study

NS = Not significant

Final ATP (umol/10*'plts)
Concentration
of Added Day 2 Day 3 Day 6 Day 8 Day 10
Acetate
0 mmol/L 5.48 + 0.65 6.37 £ 0.77 6.91 + 0.68 6.31+ 1.45 515+1.54
14 mmol/L 5.32 £ 0.67 5.77 £0.93 5.13 £0.67 478 £0.64 4.00+0.22
28 mmol/L 5.26 £0.40 5.44 £ 0.84 4.34+0.32 4.34 £0.58 4.02+0.30
56 mmol/L 5.22+0.41 5.15+0.91 4.25+0.36 3.84+0.49 265+0.94

Mean = SD (n=5)
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Mean day 2 levels of ADP ranged from 3.43 + 0.98.87 + 0.70 umol/18plts in units
with 14 and 56 mmol/L acetate, respectively. Ashia previous studies, ADP decreased
with storage in all test groups (figure 6.15). Ty statistically significant difference
was found between units with 56 mmol/L and unitshwio added acetate on day 6
(p=0.004) (table 6.31). (The subsequent increaz€DR in the former may be due to a
discrepant set of results for day 8, since ADP wonbt be expected to increase
following a decrease.) By day 10, mean levels itsunith 56 mmol/L acetate and units
lacking acetate had decreased to 1.19 + 0.28 aB8 % 0.55 pmol/18plts,
respectively; corresponding to 30% and 40% of dégvels.
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Figure 6.15: ADP levels
(acetate study; mean £ SD,
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Table 6.31: Statistical comparison for ADP levels - acetate study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.612 0.929 0.004 0.049 0.712
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 6
ACE-056 vs. ACE-000 <0.001 (0.009)
ACE-028 vs. ACE-000 NS
ACE-014 vs. ACE-000 NS
ACE-056 vs. ACE-014 NS
ACE-056 vs. ACE-028 NS
ACE-028 vs. ACE-014 NS

Statistical significance: Unadjusted P value (critical level) NS = Not significant

Table 6.32: Summary results for ADP levels - acetate study

Final ADP (umol/10*plts)
Concentration
of Added Day 2 Day 3 Day 6 Day 8 Day 10
Acetate
0 mmol/L 3.49+0.42 3.05+1.30 2.92+0.61 2.44 + 0.25 1.38 £ 0.55
14 mmol/L 3.43+0.90 3.32+0.64 1.91 +£0.53 1.86 £ 0.63 1.46 +0.50
28 mmol/L 3.84 +0.89 292+1.34 1.98 £ 0.48 1.38 £0.15 1.48 +0.40
56 mmol/L 3.97+0.70 2.90+1.06 1.37 £ 0.58 2.22+0.91 1.19+0.28

Mean = SD (n=5)
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Platelet Activation

Surface Expression and Soluble Levels of CD62P

The expression of CD62P on the platelet surfaceyestgd that platelet activation

increased with higher concentrations of acetatly elring the storage period, though
on day 2 this did not reach statistical signifiean(p=0.019) (table 6.33). The

percentage of positive expression increased itfioall groups between days 2 and 3,

with mean values on day 3 of 74.37 + 3.34% in uwite no added acetate compared to
87.03 £ 2.46% in units with 56 mmol/L acetate (B{L) (table 6.34). The percent
positive expression in the four test groups afteis ttime point increased only
marginally to mean day 10 levels of 75.67 + 4.488d 89.68 £ 2.01 % in units with no

acetate and 56 mmol/L acetate, respectively (p<4).(F@yure 6.16).
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Table 6.33: Statistical comparison of surface CD62P percent positive expression -
acetate study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.019 <0.001 <0.001 <0.001 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 3 Day 6 Day 8 Day 10
<0.001 <0.001 <.0001 <0.001
ACE-056 vs. ACE-000 (0.009) (0.009) (0.009) (0.009)
<0.001 <0.001 <0.001 <0.001
ACE-028 vs. ACE-000 (0.010) (0.010) (0.010) (0.010)
<0.001 <0.001 <0.001
ACE-014 vs. ACE-000 0.004 (0.017) (0.013) (0.017) (0.013)
<0.001 <0.001 <0.001
ACE-056 vs. ACE-014 (0.013) (0.017) (0.013) 0.004 (0.017)
ACE-056 vs. ACE-028 NS NS NS NS
ACE-028 vs. ACE-014 NS NS 0.007 (0.025) NS

Statistical significance: Unadjusted P value (critical level) NS = Not significant

Table 6.34: Summary results for surface CD62P percent positive expression - acetate
study

Final Surface CD62P expression (% positive)
Concentration
of Added Day 2 Day 3 Day 6 Day 8 Day 10
Acetate
0 mmol/L 71.30+3.85 | 74.37+3.34 | 69.57 £5.29 71.71£4.21 75.67 +4.48
14 mmol/L 74.46 £2.97 | 79.86+2.21 | 81.08+2.43 | 80.32+2.93 83.33+£2.76
28 mmol/L 79.44 +3.36 | 83.68+2.07 | 84.79+2.20 | 85.81+2.03 86.33+1.72
56 mmol/L 79.39+6.08 | 87.03+2.46 | 89.27+1.26 | 89.38 £0.92 89.68 £ 2.01

Mean % SD (n=5)
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In units containing acetate, surface CD62P mediaardscence intensity increased
from days 2 to 6, after which MFI values remaineladtively stable or, in the test group
with 56 mmol/L acetate, declined till the end obrsige (figure 6.17). A statistically
significant difference was observed between unith W6 mmol/L acetate and units
with 14 mmol/L acetate from days 2 to 6 (p=001 ©0(p001). By day 10, the decrease
in MFI in the former resulted in similar mean MFalues of 3.38 + 0.26 and 3.27
0.22, respectively (table 6.36). Mean day 2 valnamits with no added acetate (1.87 +
0.17) were significantly different to values noiadunits with 56 mmol/L (2.54 + 0.18)
and 28 mmol/L (2.27 = 0.21) (p<0.001) (table 6.3B)contrast to units with acetate,
MFI values in units with no acetate were retainecekatively low levels after an initial
increase between days 2 and 3, with a mean MFlagnl@® of 1.89 + 0.20 compared
with a day 2 value of 1.87 + 0.17 (table 6.36). Tadtern seen with these units was
similar to that observed with units re-suspendeglasma and markedly different to

that observed in units with added acetate (figut&)e
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Table 6.35: Statistical comparison of surface CD62P (median fluorescence intensity) -

acetate study

Comparison Between Groups
Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA <0.001 <0.001 <0.001 <0.001 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 2 Day 3 Day 6 Day 8 Day 10
ACE-056 vs. ACE-000 (<oo.boo%1) :ogb%%l) :ogb%%l) :ogb%%l) 509601%1)
ceam acearo | 00| 9o T oo o
ACEOL4vs.ACEO0 | NS | oy | oo | oowy | oo
ACE-056 vs. ACE-014 (<00.601001) (8:82% (<09601071) NS NS
ACE-056 vs. ACE-028 NS NS NS NS NS
ACE-028 vs. ACE-014 NS NS (8823) NS NS

Statistical significance: Unadjusted P value (critical level)

NS = Not significant

Table 6.36: Summary results for surface CD62P median fluorescence intensity -

acetate study

Final ) Surface CD62P expression (median fluorescence intensity)
Concentration
of Added Day 2 Day 3 Day 6 Day 8 Day 10
Acetate
0 mmol/L 1.87+0.17 2.23+0.20 2.01+0.27 1.85+ 0.29 1.89+0.20
14 mmol/L 2.02+0.12 2.72+0.13 3.21+0.13 3.30+0.36 3.27+0.22
28 mmol/L 2.27+0.21 2.93+0.18 3.65+0.24 3.61+0.36 3.62+0.21
56 mmol/L 2.54+0.18 3.20+0.21 3.92+0.15 3.86 +0.22 3.38+0.26

Mean = SD (n=5)
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Levels of soluble CD62P on days 2 and 3 were similaall test groups, with no

statistically significant differences (p=0.997 a0db34, respectively) (table 6.37).
Levels were observed to increase with storagelitesi groups (figure 6.18). After day
3, levels were higher in units containing acetaleqoncentrations) compared with the
test group lacking acetate, with statistically #igant differences on days 6 and 8
(p<0.001 in both cases). Although the pattern reedhievident on day 10, the results
were no longer significantly different (p=0.014).elh levels in units lacking acetate
increased from 36.62 = 5.39 ng/mL on day 2 to 88:59.34 ng/mL on day 10, an

increase of 242%. Comparative levels in units viithmmol/L acetate were 36.80 *
6.74 ng/mL and 113.53 + 8.05 ng/mL; an increase8@¥% (table 6.38). As noted
previously, the comparatively high concentratiorissoluble CD62P in the units re-
suspended in plasma are derived from the relatiggjner fraction of this protein

already present in the suspending medium.
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Table 6.37: Statistical comparison of soluble CD62P levels - acetate study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.997 0.534 <0.001 <0.001 0.014
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 6 Day 8

ACE-056 vs. ACE-000

<0.001 (0.009)

<0.001 (0.009)

ACE-028 vs. ACE-000

<0.001 (0.010)

<0.001 (0.010)

ACE-014 vs. ACE-000

<0.001 (0.013)

<0.001 (0.013)

ACE-056 vs. ACE-014 NS 0.007 (0.017)
ACE-056 vs. ACE-028 NS NS
ACE-028 vs. ACE-014 NS NS

Statistical significance: Unadjusted P value (critical level)

NS = Not significant

Table 6.38: Summary results for soluble CD62P - acetate study

Final Soluble CD62P (ng/mL)
Concentration
of Added Day 2 Day 3 Day 6 Day 8 Day 10
Acetate

0 mmol/L 36.62+5.39 | 4557+4.16 | 54.60+3.18 | 69.22+4.66 | 88.59+9.34
14 mmollL | 36.44+7.27 | 50.08 £8.27 | 69.61+4.43 | 87.23+3.98 13‘;‘;%1
28 mmol/L | 35.92+5.76 | 48.98+233 | 71.42+4.09 | 91.87+6.94 | 99.20 +11.04
56 mmol/lL | 36.80+6.74 | 50.13+551 | 76.21+7.55 | 97.97+591 | 113.53+8.05

Mean = SD (n=5)
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Markers of Cell Death

Expression of Aminophospholipids

The percentage of platelets binding annexin V wamslar in all four test groups at the
start of the storage period, with mean values gnZlaetween 10.24 £+ 0.99 % in units
with 56 mmol/L acetate and 11.50 £ 4.40 % in umitth 28 mmol/L acetate, with no
statistically significant differences between arnfytloe test groups (p=0.939) (table
6.39). The percentage positive expression increasmtestly with storage in units with
14 and 28 mmol/L acetate, with mean day 10 leveE3®5 + 5.00 and 19.36 + 5.22 %,
respectively (figure 6.19). By contrast, anneximixding increased after day 6 in units
with no added acetate and after day 8 in units Whmmol/L acetate, resulting in a
statistically significant difference between thédatest group and units with 14 and 28
mmol/L acetate by day 10 (p=0.001) (table 6.39)aMday 10 values for units without
acetate and units with 56 mmol/L acetate were 34.%407 % and 46.89 + 15.84 %,
respectively (table 6.40).
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Table 6.39: Statistical comparison of annexin V binding (% positive) - acetate study

Comparison Between Groups

Day 2 Day 3 Day 6 Day 8 Day 10
One Way ANOVA 0.939 0.456 0.111 0.056 0.001
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 10
ACE-056 vs. ACE-000 NS
ACE-028 vs. ACE-000 NS
ACE-014 vs. ACE-000 NS
ACE-056 vs. ACE-014 0.001 (0.010)

ACE-056 vs. ACE-028

<0.001 (0.009)

ACE-028 vs. ACE-014

NS

Statistical significance: Unadjusted P value (critical level)

NS = Not significant

Table 6.40: Summary results for annexin V binding (% positive) - acetate study

Final Annexin V binding (% positive)
Concentration
of Added Day 2 Day 3 Day 6 Day 8 Day 10
Acetate
0 mmol/L 10.64 + 3.93 9.97 £+ 3.93 11.25+3.67 | 18.91+541 | 34.54 £6.07
14 mmol/L 10.33+3.70 | 10.05+3.78 | 12.69+2.65 | 13.50+2.02 23.95 +£5.00
28 mmol/L 11.50+4.40 | 10.97+3.36 | 12.05+3.17 | 16.17+3.42 19.36 £5.22
56 mmol/L 10.24 £+ 0.99 13.37 £ 3.75 16.03+2.64 | 20.60+4.21 4](_558341

Mean = SD (n=5)
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Annexin V binding measured as mean fluorescencensity remained fairly stable

throughout the ten days of storage in units laclaogtate and in the test group with 14

mmol/L acetate (figure 6.20). In units with 28 m#ohcetate there was a slight rise,
with day 2 values of 29.7 + 5.2 increasing to 36.2.1 by day 10 (table 6.42). Figure
6.20 shows mean MFI values in units with 56 mmoliere higher from day 2

compared to the other test groups. However, stalbt significant differences were

not evident until day 10 (p<0.001) (table 6.41)thaé mean value in this test group of

47.3 = 8.7 at the end of storage.

60

Annexin V binding (mean fluorescence intensity)

10

50

40

30 A

20 A

—@—— ACE-000-nn
—@—— ACE-014-nn
—@—— ACE-028-nn
—@&—— ACE-056-nn
—-O— 100% PLASMA

Day tested

Figure 6.20: Annexin V binding as
mean fluorescence intensity
(acetate study; mean £ SD, n=5;
100% plasma n=3)

250



Table 6.41: Statistical comparison of annexin V binding (mean fluorescence intensity) -
acetate study

Comparison Between Groups
Day 2 Day 3 Day 6 Day 8 Day 10

One Way ANOVA 0.315 0.412 0.151 0.044 <0.001
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 10
ACE-056 vs. ACE-000 <0.001 ( 0.009)
ACE-028 vs. ACE-000 NS
ACE-014 vs. ACE-000 NS
ACE-056 vs. ACE-014 <0.001 (0.010)
ACE-056 vs. ACE-028 0.005 (0.013)
ACE-028 vs. ACE-014 NS
Statistical significance: Unadjusted P value (critical level) NS = Not significant

Table 6.42: Summary results for annexin V binding (mean fluorescence intensity) -
acetate study

Final ) Annexin V binding (mean fluorescence intensity)
Concentration
of Added Day 2 Day 3 Day 6 Day 8 Day 10
Acetate
0 mmol/L 28957 30.3+6.1 31.8+4.2 31.9+6.8 27327

14 mmol/L 29.2+50 31.2+£5.7 344+£81 32.3+£83 31.1+£ 5.0
28 mmol/L 29.7+5.2 32.0£5.5 36.9+£5.0 34.3%4.2 36.2+ 3.1

56 mmol/L 353+7.6 36.1+5.3 415+7.8 42.3+2.3 473+ 8.7
Mean = SD (n=5)

The expression of aminophospholipds as quantifiedhbss spectrometry is presented
graphically in figure 6.21 for a representative panThe four forms of PE as well as
PS displayed a consistent pattern of relatively bovd unvarying expression between
days 2 and 8. There was increased expression trais of PE and PS after day 8 in
all four test groups. The flow cytometric assayoabowed an accelerated increase in
the percent positive expression of annexin V bigdowards the end of storage; though
this was more marked in units lacking acetate amits with 56 mmol/L acetate (figure
6.19). There was no clear relationship betweenctirecentration of acetate and the

expression of either PE or PS measured by massepetry.
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Figure 6.21: Expression of aminophospholipids on platelet surface measured by mass
spectrometry, showing an increase in aminophospholipid expression after day 8
(acetate study; representative sample)
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Mitochondrial membrane potential decreased stedbigughout the storage period in

all test groups (figure 6.22). Ratios of red/grel+1 fluorescence in units with 28
mmol/L acetate decreased from 8.26 + 1.20 on dag 2.50 = 0.56 on day 10; a
decrease of 46%. Percentage decreases in MMP fatimsdays 2 to 10 were 65%,

57% and 64% in units with no acetate, 14 mmol/L 86dnmol/L acetate, respectively

(table 6.44). The decrease noted in the four treatrgroups was not as evident in units

re-constituted in plasma, where day 10 fluorescenties were 80% of day 2 values

(figure 6.22). Statistically significant differersavere evident between some of the test

groups on days 6, 8 and 10 (table 6.43). Howewerlear pattern is evident between

MMP and the starting concentrations of acetate ftioishdata.

MMP (JC-1 median Red/Green fluorescence)

10 4

ACE-000-nn
ACE-014-nn
ACE-028-nn
ACE-056-nn

100% PLASMA

Day tested

Figure 6.22: Mitochondrial
membrane potential measured as
JC-1 median red/green
fluorescence

(acetate study; mean £ SD, n=5;
100% plasma n=3)
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Table 6.43: Statistical comparison of mitochondrial membrane potential (JC-1 median
red/green fluorescence) between test groups - acetate study

Comparison Between Groups
Day 2 Day 3 Day 6 Day 8 Day 10

One Way ANOVA 0.172 0.232 0.001 0.006 0.002
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 6 Day 8 Day 10
ACE-056 vs. ACE-000 <0.001 (0.009) NS NS
ACE-028 vs. ACE-000 0.002 (0.010) NS 0.004 (0.010)
ACE-014 vs. ACE-000 NS NS NS
ACE-056 vs. ACE-014 NS 0.001 (0.009) NS
ACE-056 vs. ACE-028 NS NS <0.001 (0.009)
ACE-028 vs. ACE-014 NS NS No

Statistical significance: Unadjusted P value (critical level)

NS = Not significant

Table 6.44: Summary results for mitochondrial membrane potential (median red/green
JC-1 fluorescence) - acetate study

Final Annexin V binding (mean fluorescence intensity)
Concentration
of Added Day 2 Day 3 Day 6 Day 8 Day 10
Acetate
0 mmol/L 9.43+0.35 9.00 +£0.48 7.95+0.41 4.84 + 1.07 3.34+£0.20
14 mmol/L 9.11 £ 0.66 8.39+0.95 7.02+0.27 6.14 +0.82 3.90+0.90
28 mmol/L 8.26 +1.20 8.03+0.90 6.10+1.14 4.87 +0.63 450 +0.56
56 mmol/L 8.29+1.30 8.14 + 0.66 5.65+0.98 4.04 +0.51 295+0.16

Mean % SD (n=5)
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Intracellular Free Calcium

Levels of intracellular free calcium on day 2 wemeparable to those observed in units
re-suspended in plasma, with day 2 ratios betwe2# £ 0.01 (no added acetate) and
0.29 + 0.02 (56 mmol/L acetate) (table 6.46). Stally significant differences were
noted at this time point between units without atetnd units with 56 mmol/L and 28
mmol/L acetate (p=0.002). However, there were mabisitcally significant differences
on days 3, 6 and 8 between any of the test graapse(6.45). In units with 14 mmol/L
and 28 mmol/L acetate, intracellular free calciuemained stable throughout the
storage period (figure 6.23). In units with no adideetate, there was marked increase
in the dye ratio between days 8 and 10, from a noéah31 + 0.11 to 0.55 + 0.09. A
similar increase is apparent in units with 56 minal¢etate. However, there is one clear
outlier in the results from these units on day Without this result the mean ratio
would be 0.40 + 0.11 — higher than the mean valnamits with 14 mmol/L and 28
mmol/L acetate but not generating a statisticatipisicant difference. Exclusion of this
outlier resulted in statistically significant difences on day 10 between units lacking
acetate and units with either 14 mmol/L and 28 niimatetate (p<0.001) (table 6.45).
(The flow cytometry histograms from this outlieddiot indicate a clear problem with

this sample; therefore it was decided not to rdjeetresult from the analysis.)

—@—— ACE-000-nn
—@&—— ACE-014-nn
—@—— ACE-028-nn
—@&—— ACE-056-nn
—-O— 100% PLASMA

0.8 A

0.6

0.4

 { Figure 6.23: Intracellular free
0.2 calcium

(acetate study; mean £ SD
n=5; 100% plasma n=3)

Intracellular free calcium (Fluo-4/FuraRed)

Day tested
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Table 6.45: Statistical comparison of intracellular free calcium (Fluo-4/FuraRed) -
acetate study

Comparison Between Groups
Day 2 Day 3 Day 6 Day 8 Day 10

One Way ANOVA 0.002 0.015 0.167 0.501 (<06903001)
Multiple Pairwise Comparison (Holm-Sidak method)
Comparison Day 2 Day 10
ACE-056 vs. ACE-000 0.001 (0.002) NS
ACE-028 vs. ACE-000 0.001 (0.002) <0.001 (0.002)
ACE-014 vs. ACE-000 NS <0.001 (0.002)
ACE-056 vs. ACE-014 NS NS
ACE-056 vs. ACE-028 NS NS
ACE-028 vs. ACE-014 NS NS

Statistical significance: Unadjusted P value (critical level)
In red: alternative analysis without outlier from 56 mmol/L acetate test group (day 10)

NS = Not significant

Table 6.46: Summary results for intracellular free calcium (Fluo-4/FuraRed) - acetate

study
Final . Intracellular free calcium (Fluo-4/FuraRed fluorescence)
Concentration
of Added
Day 2 Day 3 Day 6 Day 8 Day 10
Acetate y Y y y y

0 mmol/L 0.24 £0.01 0.25+0.03 0.26 £ 0.04 0.31+0.11 0.55+0.09

14 mmol/L 0'2(?1:4())4&02 0.27 £ 0.04 0.27 £0.05 0.28 £ 0.05 0.30 £ 0.07

28 mmol/L 0.29£0.01 0.28 £ 0.04 0.29 £ 0.05 0.28 £ 0.03 0.28+0.03
0.53+0.30

56 mmol/L 0.29 £0.02 0.34+£0.04 0.33 £0.05 0.34 £0.06 (0.40 + 0.11)

Mean = SD (n=5)
In red: result minus outlier from 56 mmol/L acetate test group (day 10)
*. One outlier removed from analysis — wide Fluo-4 peak; result not accepted

DISCUSSION

Based on published studies, the addition of acdtatthe storage media would be
expected to increase oxygen consumption, decreasaté production and delay the
consumption of glucose (Hornsey et al., 2006). Thenbined effects would be a
stabilisation of pH at a higher value than if atetaere absent. This study confirmed
the above expectations in the test group lackingfade. The test groups containing
acetate did not yield the hypothesised direct imtahip between an increase in acetate

concentration and an enhancement of the abovetgff®ith no clear dose-dependency
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with these parameters. The improved maintenancéAT® levels that would be
expected with the addition of increasing concertret of a metabolic substrate such as
acetate was also absent - an observation suggbgtesome earlier studies (Holme,
1992) which may be related to the metabolism ofadeanto acetyl coA, a reaction that

requires the consumption of an ATP molecule (Knevdtal., 1974).

The inclusion of acetate appeared to have an aeledfect on the parameters of the
hypotonic shock response and the extent of shapegeh This may be related to the
inability to retain ATP levels as effectively inetate-containing units. Interestingly, the
difference between the treatment groups are eviflent day 2 of storage, which may
suggest a more immediate impact on platelet funcémd morphology with the
presence of acetate. A similar early effect wittréasing concentrations of acetate was
evident with the surface expression of CD62P, inmglythat acetate at the
concentrations used in this study had an adverfectebn platelet function and
activation despite its expected benefit on plateletabolism. The addition of acetate in
the storage medium appeared to have a relativelyralesffect on the indicators of cell
death, although there is a suggestion (not alwaysslating to statistical significance)
that units with the highest concentrations of aeetxperienced a greater degree of cell
death. The increase in annexin V binding and iefialar free calcium in the units
lacking acetate after day 8 may be related to #i@w@stion of glucose in these units
rather than a direct consequence of the lack ofjexous acetate. In summary, the
results from many of the parameters tested werdgarobs and did not reflect a clear

benefit for the inclusion of acetate beyond themgbn of a higher pH.
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CHAPTER 7.

INVESTIGATION OF THE ROLE OF TMEM-16F IN PLATELET PHOSPOLIPID
EXPRESSION UNDER STORAGE CONDITIONS

INTRODUCTION

Stimulation of platelets by agonists such as thrionamd or collagen leads to a rapid
increase in intra-cellular calcium and activatidrpbospholipid scramblase, resulting in
the translocation of PS to the external leafletha platelet membrane (Zwaal et al.,
2005, Bevers et al.,, 1982). This process is maykadpaired in patients with Scott
syndrome, a rare bleeding disorder where patieat® la deficiency of TMEM-16F
(Suzuki et al., 2010, Castoldi et al., 2011). Idesrto establish whether TMEM-16F
was involved in the expression of PS following itravaging of platelets, investigations
were performed on the platelets from a patient Bitbtt syndrome. Investigation of the
Scott platelets is undertaken on a protocol agi®edhe South East Wales Ethics
Committee and not requiring full ethical approvAl.similar pattern of annexin V
binding in Scott syndrome and control platelets Moumply that the membrane
transport processes responsible for the expressid®S during in vitro aging were
intact in Scott Syndrome platelets and not relat@dohospholipid scramblase. To
confirm that apoptotic mechanisms were intact intSsyndrome and could potentially
be implicated in the increased annexin V positivibe effect of activating apoptosis in
Scott and control platelets was investigated witBTA737. ABT-737 promotes
apoptosis indirectly by binding to anti-apoptotiembers of the Bcl-2 family, including
Bcl-2 and Bcl-X; thus mimicking the action of sensitizing BH3-onjyoteins
(Oltersdorf et al., 2005).

A comparative storage study measuring annexin dibgin Scott and control platelets
over an 8-day storage period was undertaken atMB8&. The University Hospital of

Wales adopted the annexin V binding assay prewodsscribed and expanded on this
study by investigating the potential for thrombiangration in stored Scott platelet.
Repeat experiments on the Scott syndrome platelets not possible because it was

not possible to take multiple samples from thequsti
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METHODS

Sample collection — storage study

Peripheral whole blood samples (7 x 5 mL coagutesiodium citrate 3.2% vacutainers)
were obtained from two normal controls and a S&gtidrome patient. Samples were
centrifuged at 80@ for 10 minutes at 22°C to obtain PRP. The PRP tvaassferred by
syringe and 19G needle into Baxter PL2410 neonafatelet storage packs.
Approximately 3 mL of PRP was obtained from eackbutainer, resulting in a total
volume of approximately 15 mL. Neonatal packs waoged on a horizontal agitator at
22 + 2°C, with an additional gentle manual mix pded at irregular intervals
throughout the storage period. Samples for testugge taken on days O (day of
preparation), 1, 4, 6 and 8 by means of a steié deedle and syringe.

Response of Scott Platelets to ABT-737 BH3 Mimetiexperimental Design
Samples from two normal controls and the Scottepatiwere obtained as above.
Samples were centrifuged at 1¢0for 15 minutes at 22°C to obtain PRP which was
subsequently adjusted with autologous platelet ptasma to provide a platelet count
of 150 x 18/L. Samples were treated as follows:
* TIME 0 — measurements performed as soon as possible
 CRP - addition of collagen-related peptide; a grplatelet agonist that mimics
the structure of collagen (Polanowska-Grabowsk@320
 NO ABT-737 — No reagents added; 4 hour incubaticemabient temperature
e ABT-737 POS - 20 uM ABT-737 added; 4 hour incubatiat ambient
temperature
e ABT-737 NEG — 20 uM A-779024.0 added (less actimargiomer of ABT-
737) 4 hour incubation at ambient temperature
(CRP was provided by the Oxford Haemophilia andoftivosis Centre. ABT-737 and

its enantiomer were provided by Abbot Pharmacelsiica

Thrombin Generation

Thrombin generation studies were performed in PRBO (x 10/L) at UHW by
Calibrated Automated Thrombography (CAT). Briefthe use of a slow-reacting
fluorogenic substrate allows the generation of nism to be continuously measured,

with the thrombin concentration calculated basedhmnactivity of a parallel sample
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containing a thrombin calibrator (Hemker et al.,020 Thrombin generation was

initiated with 0.15 pM tissue factor (diluted innoy

RESULTS

Annexin V Binding to the Platelet Surface
The platelet concentration and mean platelet volameéay O (the day of collection and
unit preparation) are presented in Table 7.1, withnparatively similar values obtained

from all three samples.

Table 7.1: Platelet Concentration and Mean Platelet Volume

DAY Platelet Concentration (x10%/L) Mean Platelet Volume (fL)
TESTED Scott CONTROL | CONTROL Scott CONTROL | CONTROL
Patient 1 2 Patient 1 2
0 178 193 208 7.4 6.4 7.0

The annexin V binding results are expressed botheasent positive expression and
mean fluorescence intensity (Table 7.2). Althoughstatistical comparison is not

possible, the percent positive expression was ainmetween the Scott syndrome
platelets and the normal controls (figure 7.1).0éal at the end of the storage period
were high compared with results from adult-dosese§pended in plasma at the same
time point (chapter 3). This is likely to be due tike small sample volume of

approximately 15 mL being stored in a neonatal pedigned to hold between 40 to 70
mL, resulting in the platelets being unable to @gitadequately. Marked variation in the
results for mean fluorescence intensity was prebetween all three samples and the
only observation from this data is that all thraemples showed an increase in MFI after

day 2 of storage (figure 7.2).

It was not possible to repeat the experimentsnovitro ageing with Scott platelets in
our laboratory because of limitations on the amaifritlood that could be donated by
the patient. However, a similar study on the saateept performed in the laboratory of
Professor Bevers showed that over a three-day gheaionexin V positivity increased
similarly compared to control platelets (data subed)).
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Table 7.2: Annexin V Binding in Scott patient study

Day tested

Figure 7.1:
Annexin V Binding in Scott
patient study
(percent positive expression)

Figure 7.2:
Annexin V Binding in Scott
patient study
(mean fluorescence intensity)

DAY Annexin V Binding (% Positive) Mean Fluorescence Intensity
TESTED Scott CONTROL | CONTROL Scott CONTROL | CONTROL

patient 1 2 patient 1 2

0 5.86 6.67 5.72 22.8 28.5 23.2

1 6.91 17.94 17.43 17.0 28.9 21.5

4 51.87 50.12 68.74 19.5 36.4 32.3

6 67.34 72.19 85.15 22.4 45.9 34.4

8 80.38 85.85 92.48 28.4 50.9 37.2
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Thrombin Generation in Stored Scott Platelets
The pattern of annexin V binding in stored Scothtg@lets described above was
duplicated by colleagues at UHW (figure 7.3) thotigd values were lower throughout

storage in the Scott platelets.

120

100

80 1

60 4

Annexin V binding (% positive)

40 1 _ Figure 7.3:
o oo™ Annexin V Binding in Scott
20 —®— Control 2 patient study (UHW study)

(percent positive expression)
(courtesy of B. Kerr)

Day tested

Thrombin generation results for the Scott patient #he two controls over the eight-day
storage period are presented individually in figdéré. Rates of thrombin generation on
the day of collection were comparatively low wittetScott platelets but progressively
increased with storage. By day 8, levels of thrambkére comparable to those observed

in the controls, a finding more clearly illustratedfigure 7.5.
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Chart showing thrombin generation in Scott's patien t at different time points (Trigger 0.15pM)
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Chart showing thrombin generation in Control patie nt 1 at different time points (Trigger 0.15pM)
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Figure 7.4: Thrombin generation in Scott and control platelets measured over
the course of an 8-day storage period (all graphs courtesy of Dr C Jones,
UHW).
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Chart showing thrombin generation at day 0 (Trigger 0.15pM)
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Chart showing thrombin generation at day 8 (Trigger 0.15pM)
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Figure 7.5: Thrombin generation on day O (day of unit preparation) and day 8 in
Scott and normal control platelets (all graphs courtesy of Dr C Jones, UHW)

Response of Scott Platelets to the BH3 Mimetic ABT37

At time 0, annexin V binding was virtually absentboth control and Scott platelets

(figure 7.6). After a 4-hour incubation, the unnmrated samples showed an
approximately two to three fold increase in perqaogitive expression, with a marginal

increase noted in the Scott platelets (table A8yition of CRP prompted a marked

increase in annexin V binding in the controls, watmore modest increase to a value of
9.74% positive binding observed in Scott plateldiisis was similar to the value of

10.85% positive binding obtained in these plateddter a 4-hour incubation with 20
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UM ABT-737. Experiments by Prof. Bevers's team aabtricht confirmed that the

Scott platelets were annexin V positive after ABI#&timulation (data submitted).

Table 7.3: Annexin V binding on Platelets: Response to Incubation with ABT-737

ANNEXIN V BINDING (% POSITIVE)
TEST CONDITION
CONTROL 1 CONTROL 2 SCOTT PATIENT
TIME O 1.65 2.11 1.03
CRP 61.05 80.24 9.74
NO ABT-737 3.37 5.66 1.25
ABT-737 POS 14.48 24.74 10.85
ABT-737 NEG 4.26 5.93 1.61
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Figure 7.6: Annexin V binding in
normal control and Scott
platelets in response to a 4-hour
incubation with 20uM ABT-737

Annexin V binding (% positive expression)
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DISCUSSION

The progressive increase in annexin V binding olexem Scott platelets was similar to
that seen in control platelets and demonstratdshkaexpression of negatively charged
aminophospholipids associated with in vitro agiraswot due to TMEM-16F and €a

dependent scramblase activity. The cellular medmasirequired for expression of
negatively charged aminophospholipids through agappathways, however, appeared
to be intact as demonstrated by the response to-ABT This demonstrates that the in
vitro aging changes observed in the platelet swfagion could be mediated, at least in
part, by apoptotic pathways. These findings havenhkiedependently confirmed by a

second laboratory.
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The data presented here also suggest that thegemtexpression of negatively charged
aminophospholipids (as demonstrated by annexinndibg) associated witin vitro
ageing can have functional consequences. The yalufitaged platelets to support
coagulation reactions and the generation of thromélhows that the annexin V
positivity equates to expression of functionallyiee phospholipids. It is also possible
that platelets expressing negatively charged anmiogpholipids may be cleared from
the circulation more rapidly (Hirt and Leist, 200&dok et al., 2001).

In normal platelets, increased expression of PSlatelets provides a procoagulant
surface for the enhanced activity of the prothramabe complex and the resulting
generation of thrombin (Monroe et al., 2002). THeseyved increase in thrombin
generation with storage in the Scott platelets eaggyl that the PS expressed on the
surface of these platelets retained one of its gmynfunctions, though whether this
functional activity is retainedn vivo remains to be ascertained. A further study
employing the apoptosis-inducing BH3 mimetic ABT#A&sulted in increased annexin
V binding in Scott platelets. Although annexin Vhling was lower compared to the
normal controls, the results were consistent with suggestion that at least part of the
changes observed during the ageing study may lseddwy a process of cell death akin
to apoptosis. It was not possible to repeat theexgents on the Scott platelets because
of limitations on the amount of blood that can b&en; however, these data were
replicated by an external laboratory (ProfessoréB&vaboratory, Maastricht).

In both the extrinsic and intrinsic pathways of piosis, caspases are the cysteine
proteases associated with the execution of cethd@géumar, 2007). The addition of a
pan caspase inhibitor to the suspending medium piagelet concentrate unit would
thus be expected to confirm or refute the role pbmosis in platelet death during

storage. This would be an area worthy of furthgestigation.
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EXPLORATORY INVESTIGATION INTO THE ROLE OF APOPTOSIS IN
PLATELETS STORED AS CONCENTRATES

INTRODUCTION

The Bcl-2 family of proteins are key regulatorscefl death by apoptosis (Chipuk et al.,
2010, Brunelle and Letai, 2009). If the machinefyapoptosis is viable in platelets
stored as concentrates in additive solution, thbtiath of the BH3-only mimetic ABT-

737 should result in enhanced expression of amioggtolipids on the platelet surface.
Of patrticular interest in this respect is the rofeglucose, in view of the association
between glucose depletion and increased anneximiry described in chapter 5. A
comparative study was undertaken in which samptes fdentical platelet concentrates
in SAS, with or without added glucose, were obtdia¢ periodic intervals over a 14-
day storage period and either incubated with ABT-@8 vehicle only. Cell death was
determined by the expression of aminophospholipids the platelet surface, as

measured by annexin V binding.

METHOD

Unit and sample preparation

A buffy coat-derived platelet concentrate was aarged at 2400y for 10 minutes at
22°C to pellet the platelets. As much of the plasmgossible was drained into a waste
pack, and the pellets re-suspended by gentle mamxaig in 300 mL of SAS. Sodium
bicarbonate and acetate were added asepticallyabdoncentrations of 20 mmol/L and
28 mmol/L, respectively. The unit was subsequesiplt into two neonatal packs with
unit volumes of 50 mL. Glucose was aseptically adtteone of the packs to a final
concentration of 30 mmol/L, with an equal volumedifient added to the remaining

unit.

Samples were removed from the units on days 2, 5) &nd 14. The samples were split
into pairs and diluted in autologous plasma toagbbt concentration of approximately
200 x 10/L. To one of the samples was added ABT-737 tmal ftoncentration of 10

pmol/L. An equal volume of DMSO vehicle was addedthe second sample. Units

containing ABT-737 were incubated at ambient terapge for 3 hours before analysis.
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Assays

Glucose levels were measured from the units befaneple preparation on the days of
testing. Due to the association observed in theaoge study (chapter 5) between
annexin V binding, intracellular free calcium and R levels, the last two parameters
were measured in addition to annexin V binding. AHsays were performed as

previously described.
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RESULTS

The parent PC was confirmed to be leucoreducedadintbur neonatal packs were
negative for bacterial contamination at end ofager Glucose levels in the two units
with exogenous glucose were depleted between daye 14. There was progressive
disruption of platelets with increasing storage units with no added glucose,
determined by a decrease in platelet concentrétade 7.4 and figure 7.7).

Table 7.4: Impact of the BH3-only mimetic ABT-737 on platelet concentration in the
presence and absence of glucose in an artificial storage medium
PLATELET CONCENTRATION (><109/L)

No Glucose 30 mmol/L Glucose
ABT-737 POS ABT-737 NEG ABT-737 POS ABT-737 NEG
Day 2 202 202 205 215
Day 5 172 188 204 179
Day 8 150 144 215 206
Day 10 108 128 198 204
Day 14 70 59 165 178
240
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é 160 v
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© —— 0 mmol/L glucose - ABT-737 POS
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40 T T T T T T T T T T T T T

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Day tested

Figure 7.7: Impact of the BH3-only mimetic on platelet concentration in PC stored with
or without glucose in the suspending medium (results from single experiment).
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Annexin V Binding

On day 2, the addition of ABT-737 resulted in iraged annexin V binding in samples
with and without added glucose compared to contffidgire 7.8), indicating that the
machinery that induces apoptosis was intact attitiis. With the exhaustion of glucose
in the unit, there was a rapid increase in ann®&xbinding between days 10 to 14. In
units without glucose, there was a relatively rajpickease in annexin V binding with
progressive storage, with no clear indication tinat addition of ABT-737 caused an
increase in percent positive expression beyond2d@gble 7.5). This suggests that the

machinery that induces apoptosis was not functiahdiese timepoints.

In the units with added glucose, the addition ofTAB37 resulted in increased annexin
V binding on days 2 and 5 and possibly day 8, ssijoyg the apoptosis-inducing
machinery was functional at these timepoints bud mat functional after day 8.

Table 7.5: Impact of the BH3-only mimetic ABT-737 on annexin V binding in PC stored

in SAS in the presence and absence of glucose
ANNEXIN V BINDING (% POSITIVE)

No Glucose 30 mmol/L Glucose
ABT-737 POS ABT-737 NEG ABT-737 POS ABT-737 NEG
Day 2 22.6 7.37 24.26 8.25
Day 5 44.38 37.66 25.42 14.12
Day 8 67.43 65.31 29.63 22.03
Day 10 83.14 81.19 24.07 25.66
Day 14 97.26 97.34 82.09 79.15

[
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]
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Figure 7.8: Impact of the BH3-only mimetic on annexin V binding as percent positive
expression in PC stored with or without glucose in the suspending medium (results
from single experiment).
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Intracellular free calcium

The absence of glucose resulted in a progresstrease in intracellular free calcium

throughout the storage. Glucose depletion coincigdth a marked increase in

intracellular free calcium after day 10 in unitglwadded glucose (table 7.6 and figure
7.9). The addition of ABT-737, by contrast, did nmesult in a clear difference in

intracellular free calcium compared to the consainple.

Table 7.6: Impact of the BH3-only mimetic ABT-737 on levels of intracellular free
calcium in PC stored in SAS in the presence and absence of glucose

INTRACELLULAR FREE CALCIUM (Fluo-4/FuraRed MFI ratio)
No Glucose 30 mmol/L Glucose
ABT-737 POS ABT-737 NEG ABT-737 POS ABT-737 NEG
Day 2 0.31 0.23 0.35 0.22
Day 5 1.09 0.83 0.43 0.30
Day 8 2.12 1.77 0.52 0.42
Day 10 2.75 3.25 0.43 0.89
Day 14 4.63 3.80 2.87 2.80

(4]
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Figure 7.9: Impact of the BH3-only mimetic on intracellular free calcium levels in PC
stored with or without glucose in the suspending medium (results from single
experiment).
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ATP Levels

As expected from the glucose study, an absencduabsge in the storage medium
resulted in a more rapid decline in ATP levels watbrage (table 7.7 and figure 7.10).
As with intracellular free calcium, the addition ABT-737 did not result in a clear

difference in ATP levels compared to the controhpke.

Table 7.7: Impact of the BH3-only mimetic ABT-737 on ATP levels in PC stored in SAS
in the presence and absence of glucose

ATP (umol/10™ plts)
No Glucose 30 mmol/L Glucose
ABT-737 POS ABT-737 NEG ABT-737 POS ABT-737 NEG
Day 2 5.112 5.488 4.419 4.965
Day 5 2.88 2.734 3.955 3.697
Day 8 1.68 1.729 3.416 3.398
Day 10 0.656 0.571 2.840 3.125
Day 14 N/A 0.026 0.485 0.408
6
—8— 0 mmol/L glucose - ABT-737 POS
—O— 0 mmol/L glucose - ABT-737 NEG
57 & ¥— 30 mmol/L glucose - ABT-737 POS
v \ A— 30 mmol/L glucose - ABT-737 NEG

ATP (umol/10"plts)

T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Day sampled

Figure 7.10: Impact of the BH3-only mimetic on ATP levels in PC stored with or without
glucose in the suspending medium (results from single experiment).

DISCUSSION

On day 2, platelets responded to the addition ef BiH3 mimetic ABT-737 with
increased translocation of aminophospholipids t® platelet surface, a response that

was still observed (though muted) in the unit wittided glucose on day 8. This
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suggested that mechanisms leading to apoptotic emrivexpression of
aminophospholipids were intact and could be coutiily to the annexin V positivity
observed within vitro ageing. After that time ABT-737 did not increasenexin V
positivity, implying that mechanisms other than piosis would have been required to

externalise aminophospholipids in old platelets.

In the unit with no added glucose, mechanisms fpap#otic cell death were intact at
day 2 but not after that time, and other mechanisrosld have been required to
externalise aminophospholipids. ATP levels on dayh&d already declined to
approximately 50% of day 2 values in the platelgith no added glucose. This may
have prompted a mechanism of cell death that wa® rakin to necrosis (Leist et al.,
1997, Skulachev, 2006). This was reflected in tleeaasing levels of intracellular free
calcium which would also be compatible with necsq&tizzuto et al., 2003, Rasola and
Bernardi, 2011), resulting in increased mitochaaldiiysfunction and ultimately platelet

disruption, as observed by the decrease in plateletentration.

Thus, platelets stored as concentrates in addgnlation initially have functional
machinery for a Bcl-2 protein-mediated mechanism cefl death. This may be
superseded with progressive storage by a mechamisra akin to necrosis as energy
stores are depleted. This is exacerbated and oeautier during storage in media
lacking glucose, where the maintenance of ATP kWl glycolysis may be aided by
the maintenance of mitochondrial function via axitiant mechanisms mediated via the

pentose phosphate pathway (Brookes et al., 2004).

Following confirmation of the results reported abpthe next logical step would be to
undertake a similar storage study in the presemcabeence of a caspase inhibitor.
Addition of a broad spectrum caspase inhibitor aglQ-VD-OPh (Caserta et al., 2003)
to the unit would be expected to negate an incr@assnexin V binding caused by
ABT-737 if caspase-dependent apoptosis is indegdlde mechanism of cell death for

platelets in storage.
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8. DISCUSSION

A progressive deterioration @fi vitro characteristics associated with platelet function,
morphology and metabolism are characteristic ofstbeage of platelets as concentrates
and collectively referred to as the platelet steréggsion (PSL). Platelet activation, the
release of potentially harmful bioactive substanitem cellular elements, changes in
morphology and either the inability to maintain suppress platelet metabolism, have
all been associated with the phenomenon (Pickat.e2009, Smyth et al., 2009). The
suggestion that a programmed mechanism of cellhdezy be involved in the
development of the PSL has been more recently deresl following studies
investigating the possibility that platelets ar@alale of displaying responses typically
associated with apoptosis in other cell types (lbeghd Freedman, 2003, Rinder and
Smith, 2003, Kile, 2009). However, it is difficuld assign a causative element to these
observations, and no comprehensive model of thei®8lrrently available. This thesis
aimed to contribute to the current debate on thgiroand mechanism of the PSL,
proceeding under the hypothesis that a process takapoptosis serves as a central
mechanism to explain the variety of changes aswatiavith the phenomenon. A
concurrent applied aim for the investigations was gdrovide insight into the
manufacturing and storage of platelet concentritas may enhance the viability and

efficacy of platelets post-transfusion.

The progressive changes described in the literatussociation with the PSL were
confirmed in the fourteen-day storage study usi@gsRspended in plasma or a 70%
SSP+" additive solution, with the work adding to the mmtly limted body of data
available for characteristics of the PSL beyond dterage periods recommended by
official guidelines. The subsequent investigatiowggested that a Bcl-2 protein-
mediated mechanism of cell death was viable inef#&t in the presence of adequate
stores of energy in the form of glucose. Depletownabsence of glucose resulted in
platelet death by a mechanism associated with dsede ATP levels, accelerated
aminophospholipid translocation and platelet disarpwhich was more reminiscent of

Necrosis.
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The study investigated the PSL in buffy coat-dedipéatelet concentrates suspended in
a platelet additive solution containing minimal centrations of plasma and leucocytes.
The ability to more comprehensively control the pogition of a relatively simple
artificial medium allowed for comparative studies tbe undertaken on the role of
individual constituents of platelet additive sotuts. White cells are known to affect the
in vitro characteristics of platelets through the reledseytwkines and other bioactive
substances (Mueller et al., 2008), whilst the camplature of plasma may complicate
the interpretation of results. By substantiallgueing the influence of these two factors
it was possible to more directly interpret reswudts the response of platelets to the
storage conditions. It has been suggested thataheus changes associated with the
PSL may be assigned to categories describing ptateietabolism, activation,
morphology and senescence (Rinder and Smith, 2008t al., 2005a). A range of
assays was adopted to determine the responsetefepgaacross these broadly-defined
categories. In particular, repeated measures beestobrage period may offer an insight
into the timeline of events, which may in turn segigavenues for further research into

the relationship between the different aspects®RSL.

An initial study was undertaken on buffy coat-dedvPC suspended in either 100%
autologous plasma or a combination of SSPadditive solution and plasma in an
approximate 70:30 ratio over an extended storage@ef 14 days. Current UK
guidelines restrict the shelf-life of PC to a maximmof seven days (James, 2005). As a
result, studies investigating the ability of noselspension media to maintain platelet
function and viability in storage have often undanslably limited themselves to
obtaining measurements up to the accepted shelbtishortly thereafter. To determine
whether it is feasible to consider extending thelfslife of PC beyond the current
limits, it would be useful to obtain information ¢timein vitro characteristics of platelets
over an extended period of storage using presenufaeturing processes and storage
conditions. Such comparative studies extendingtdaoage periods beyond seven days
are relatively uncommon in the literature (Cardigaral., 2005), though more recent
publications have begun to address the issue ($amag al., 2010). In addition, results
from the subsequent studies in additive solutisiaguithe same assays would be more
directly comparable than comparisons against pldis data, since significant

variability in the values of assays can be foundhm published literature for some of
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the parameters of interest (Girotti et al., 1988yvers et al., 2008). A paired study
design that pooled the requisite number of buffsgtsdo provide two identical starting
PCs would have negated any donor variability andreiased the power of the
comparative analysis. However, such an approachldvaoleviate from standard
manufacturing processes and it was deemed mor@@mte for this study to remain

within the confines of established practice.

Units were sampled on days 1, 2, 3, 6, 8 10 andR&dular sampling at the beginning
of the storage period was important to characteeady changes in the vitro
characteristics of platelets stored in additiveusohs in subsequent studies, as the
storage conditions and processing methods werectegeo be harsher than standard
methods and thus possibly lead to accelerated ssipre of the PSL. In addition, it is
possible that changes in parameters associatedv@tRSL early in the storage period
may be evident in standard units and may offegimsinto the subsequent development
of the PSL. Published studies tend to omit measen¢srearly in the storage period, as
their generally stated aim is to determine theasility of PCs for transfusion at the end
of shelf-life. This study thus offered the oppoityrio investigate this often neglected
early period of storage. However, such an extens@rees of measurements inevitably
results in a marked volume loss. It is unclear Wwleesuch a change in the ratio of unit
volume to pack surface area would artificially afféhein vitro characteristics towards
the end of storage, or whether any impact would/@rsignificant; thus limiting the
study to a comparative investigation. Further wiorkwhich similarly processed units
were only sampled on days 1 and 14 would help tyess$ this question, but could not

be undertaken at the time due to time and procgssstrictions.

For clarity, the following discussion is separatedo sections. The first section
examines the results obtained in the study comg@adhiain vitro storage characteristics
of platelets suspended in a 70:30 SSP-and plasma medium against platelets
suspended in 100% autologous plasma. The secotidrseliscusses the results from
the series of studies using variously-modified dtad additive solution as a suspension
medium. (However, the studies cannot be regardeédtah isolation and the discussion
will reflect this where appropriate.) The subsedisaties of experiments undertaken in
collaboration with the University Hospital of Walée more directly explore the

mechanisms for annexin V binding in platelet agdiggnvestigating the characteristics
276



of platelets from a Scott Syndrome patient, as a&lihe role of a Bcl-2 protein family-
mediated initiation of cell death in platelets ahgristorage are discussed next. These
sections serve as the foundation for suggested Isnadelatelet death in the storage
conditions evaluated in the thesis and determinetiér they support the hypothesis
that apoptosis is a central player in the PSL. Titmitations of the thesis are also
evaluated as are suggestions for future poterttiglies that would build on the many

guestions generated from this work.

IN VITRO STORAGE CHARACTERISTICS OF PLATELET CONCENTRATES
STORED IN 100% AUTOLOGOUS PLASMA VERSUS A MEDIUM
COMPRISED OF 70% SSP'[1 AND 30% PLASMA

The expected decrease in extracellular pH withagtdwas evident after day 6 in PCs
suspended in plasma. This is generally attributedhe consumption of bicarbonate
which acts as the principal buffer in plasma byirtgkup H ions produced by
glycolysis and converting them to,® and CQ via carbonic acid. Carbon dioxide is
able to escape through the gas-permeable plastitec$torage pack, thus maintaining
pH levels (Wallvik and Akerblom, 1990, de Wildt-Egyget al., 1998) (figure 8.1).

Membrane
Permeant

CO, (gas)

CO, (dissolved) + H,0 ==H,C0; == HCO; + H*==C0;%" + H*
pKa 6.4 10.3

Figure 8.1: Reactions associated with the buffertagacity of bicarbonate in plasma
(Cordat and Casey, 2009Reproduction permitted with accreditation, PortthRress,
©The Biochemical Society)

There is sufficient bicarbonate present in plasmiuffer the platelet concentrates until
lactate levels reach approximately 20 mmol/L, aftich pH levels have been shown
to decrease at an accelerated rate (Murphy, 1898ay be difficult to entirely attribute
the decrease in pH after day 6 to exhaustion @rb@nate in the plasma, since previous
studies have shown bicarbonate levels in buffy -deaived PCs remain relatively
constant for up to seven days of storage (Sandgrah, 2008, Gulliksson, 2001). The
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increase in pH observed in plasma units duringfitsethree days of storage has been
previously reported, both in pooled units and irsRGllected by apheresis technologies
(Krailadsiri et al., 2001, Goodrich et al.,, 2008his may be related to the rapid
decrease in pCPOlevels noted in these units between days 1 anduggesting
accumulated C®was being rapidly lost through the storage padie more alkaline
conditions would also reduce the solubility of £6 a further potential factor
contributing to the marked decrease in pG@ these units (Zhang et al., 2008b). In
contrast to the plasma units, pH values in all SBRunits remained above 7.0
throughout the storage period, with pH increasingrkedly after day 10 due to the
stalled lactate production following the depletioh glucose. In common with all
commercially available additive solutions, SSPdoes not contain glucose. The only
glucose available to these units would have ortgahadrom the reduced volume of

autologous plasma, and this was effectively degleteday 10.

The relatively reduced partial pressure of carbioride in the SSP# units throughout
the storage period reflects the reduced lactatdymtoon in this group. The difference in
pCQO, between plasma and SSP-nits was most significant at the start of theaje
period, suggesting the preparation of the units &éadmpact on this parameter. The
only major difference in the preparation was the o$ additive solution instead of
plasma. The excess G@ the plasma is most likely to have originateahirglycolytic
red cell activity in the whole blood unit and remed in the impermeable plasma pack
ready to be transferred to the platelet concenttddsvever, once in the gas-permeable
PC storage packs, GQvas allowed to escape to the atmosphere resuhirgy rapid
decline of pCQ at the start of the storage period. It remain®dodetermined if the
platelets are adversely affected by this trangyemijh level of CQ. Levels of pQ and
rates of oxygen consumption were similar in botbugs of PCs. The steady increase in
pO, in both groups over the storage period reflectshigl gas permeability of the
current generation of storage packs, since oxygersumption was relatively stable

throughout storage.

The stable rates of oxygen consumption coincideat thie maintenance of ATP for the
first ten days of storage in both plasma and SSBEnits, with day 10 levels remaining

over 85% of starting values. The increase in ATRcentration over the first few days
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of storage, particularly evident in plasma unit@swsomewhat surprising and was
instrumental in maintaining ATP levels in both gpsuHowever, a recent study in BC-
PC has also reported increases in ATP levels tisahat reduce below starting levels
until after 7 days of storage (Sandgren et al.,020Absolute levels of ATP quoted in
the literature vary considerably. A review of ATé&¢ls in human platelets from whole
blood samples found levels varied between 3.7868 @ 7.5 + 1.7 pmol/Tfplts. A
major variable is the use of different assay methagles, with methods ranging from
high-pressure  liquid chromatography (HPLC) to biolmescence and
spectrophotometric assays. However, even with nasteamploying the same general
principles, considerable variation has been regof@irotti et al., 1989). Similar
variability is still evident in relatively recentagage studies, with levels in plasma units
on day 1 varying between 4.7 + 0.3 umolt/plis (Gulliksson et al., 2000) to 8.28 +
0.40 pmol/1b'plts (Sandgren et al., 2008).

On activation platelets release the contents oir thierage granules, including the
platelet agonists ADP and serotonin from the dgmaaules. ADP levels have not been
commonly reported in the transfusion literature. éarly study by Rao et al obtained
mean levels of 3.5 + 0.2 pmol/plts in fresh PRP-PC; substantially lower than the
mean levels obtained in the current study (Raodl.etl881). Levels in the Rao study
decreased by approximately 40% in 72 hours - al@irdecrease was evident after day
8 of storage in the present study. A more recemtysteported that levels in buffy coat-
derived PC were maintained in the first four daysstorage, but declined thereafter
(Botchway et al., 2000). Both papers observe thatprogressive decline in ADP with
storage could be interpreted as an acquired stqvagk defect, with Botchway et.al
suggesting the effect may not be reversible evear &fainsfusion, with implications for
the efficacy of platelet transfusions. Thestorage pool diseases are characterised by
defective platelet dense granules, with mild toesevbleeding as one of the clinical
manifestations (Simon et al., 2008, Sandrock amgjeti, 2010). An acquired defect of
similar nature in stored platelets may be of chhielevance and may account for some
of the variation in the efficacy of PC transfusidoscontrol bleeding (Apelseth et al.,
2010). Particularly relevant scenarios include titamsfusion of patients treated with
anti-platelet agents such as clopidogrel which kithithe ADP receptor P2Y¥Y
(Cattaneo, 2011) - such patients may benefit frobenttansfusion of fresh platelets to

combat haemorrhage. The variable patient respangedtment with such anti-platelet
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agents may be compounded by individual variabilitythe response to ADP by the
transfusion recipient, possibly due to variationthie structure or density of the ADP
receptors on the platelet surface (Michelson, 200kthelson et al., 2007, Fontana et
al., 2003). ADP elicits its role in platelet aggaéign by binding to neighbouring
platelets via two G-protein coupled P2 receptorsn@puli et al., 2003). Binding to the
P2Y1, receptor releases the @otein subunitsig; andfy. The former inhibits adenylyl
cyclase (AC) which in turn decreases levels of icy@denosine monophosphate
(cAMP) resulting in reduced phosphorylation of ditator-stimulated phosphoprotein
(VASP); a process which would otherwise inhibit taetivation of the GPIIb/llla
receptor. Thepy fragment activates phosphatidylinositol 3-kinas@i3K), which
promotes further granule secretion in a positivedBack loop (Woulfe et al., 2001,
Johnston-Cox et al., 2011, Nguyen et al., 2005u(e 8.2).
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Figure 8.2: The relationship between ADP and pkitt&2 receptors and their role in platelet
aggregation, including the inhibitory effect of thmti-platelet drug clopidogrel which
irreversibly binds to the P2Yreceptor (Nguyen et al., 20083eproduced with permission; ©
American College of Cardiology Foundation)
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A limitation of the study in this context was thack of platelet aggregation assays
which would have provided more direct informatiam matelet function. Nevertheless,
the ADP results point to a different mechanism feissociated with this aspect of the

storage lesion that appears unrelated to the erstoggs of the platelets.

Platelet activation as a consequence of procesamd) storage of PC has been
commonly measured in recent years by the flow cgtioic estimation of CD62P on the
platelet surface. CD62P is constitutively expressedhe membrane af-granules. As
part of the secretory response following plateletivation, the membrane of the-
granules fuses with the plasma membrane, resubiramn increased expression of the
CD62P glycoprotein on the platelet surface (Bernearal., 1986, Jurk and Kehrel,
2005). With increasing platelet activation expealedng storage as the environment in
which the platelets are suspended degrades, aeagern the percentage of platelets
expressing CD62P would be expected. Interestirigly percentage positive expression
of CD62P decreased during the initial period ofage, only increasing after day 3 in
plasma units and day 6 in SSPunits; a similar, though more subtle decrease,alss
evident with the median fluorescence intensity.uivey of the literature resulted in a
recent study by Zhang et al that also reported @edse between days 1 and 2 of
storage in BC-PC suspended in various media (Zledraj., 2008b). Such a decrease
would suggest that CD62P is either being re-intesed or shed from the surface. Re-
internalisation of CD62P would potentially allowettprotein to be re-expressed on
subsequent platelet activation. However, studiemaswmeéng the response of stored
platelets to physiological agonists have conclutlet an increased concentration of
thrombin is required to elicit 50% positive exptieasof CD62P in platelets from 7 day-
old PCs compared with platelets from PCs store@fdays (Cardigan and Williamson,
2003). This depressed response may be indicati\ae refluced store of CD62P
granules that is not being replenished by the tekgof previously expressed CD62P
(Jilma-Stohlawetz et al., 2008). Studies using a62®deficient murine model
described the presence of a soluble form of CD62Rhé plasma of these animals
within 15 minutes of the transfusion of activateildvtype platelets and identified it as
a 100-kDa fragment by Western blotting (Bergerlgtl®98). The same study affirmed
the hypothesis that expressed CD62P was cleaved fhe platelet surface by re-

infusing thrombin-activated biotinylated plateletdao mice. The re-infused platelets
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were found to lose their surface CD62P expressimhveere not found to re-acquire it

after exposure to thrombin or the calcium ionophs28187.

CD62P is a member of the selectin family of adhesmmlecules. Initial interest in the
introduction of an assay to measure surface-expdeG®62P on platelets was based on
the observation that its ligand, PSGL-1, was presareucocytes (Larsen et al., 1989).
This led to the suggestion that binding of platelexpressing CD62P to leucocytes,
particularly neutrophils and monocytes (Gutensolinak, 2002), could lead to
accelerated clearance of these platelets from trailation and thus explain the
decrease in recovery and survival of platelets afessfusion, especially following the
transfusion of older PCs with increased expressibthe protein. Two studies often
discussed in relation with this hypothesis repori@ekrse correlations between the
degree of platelet activation, as determined bysindace expression of CD62P, and
platelet recovery up to one hour post-transfusioneither normal volunteers or
thrombocytopenic patients (Rinder et al., 1991ulFEriet al., 1992). Subsequent studies
with animal models, however, have found that throndztivated, degranulated
platelets are able to circulate and function adtezdding the expressed CD62P (Berger
et al., 1998, Michelson et al., 1996). It is poksithat the two seemingly contradictory
results reflect a time-course of events, with CD@&Pression involved in an initial
clearance of a proportion of the transfused plagedgulation. A time limit would be
imposed by the shedding of CD62P from the surfingkeed, studies have demonstrated
that 50% of CD62P is lost from the platelet surfaltging the first 5.5 hours after
transfusion (Leytin et al., 2004). Loss of CD62Bnirthe platelet surface vivo may
render platelets less adhesive to leucocytes esipgeshe PSGL-1 receptor and thus
prevent excessive leucocyte recruitment to theaditejury, which could otherwise lead

to damaging levels of inflammation (Li et al., 2011

If the decrease in the percentage positive expressas due to the proteolytic cleavage
of surface-expressed CD62P, an increase in thélsoftaction of CD62P (sCD62P)
would be expected. Increases in sCD62P are indegkre throughout the storage
period, but the rate of increase is relatively ltaind does not reflect the variation in
surface expression of the molecule. A tentativdanation would involve a proportion
of the initially activated population of platelestedding the majority of the surface-

expressed CD62P into the medium, accounting forirthial increase in sCD62P and
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apparent recovery from activation measured by ftgtometry (also see (Zhang et al.,
2008b). Subsequent rates of CD62P externalisatidnckeavage may occur in a more
measured manner as conditions during storage chawoge gradually or simply as a
result of progressive ageing of the platelet papota resulting in a more direct
relationship between surface expression and shgddi€D62P. A clearer quantitative
association between the surface expression of CD&&Pthe concentration of the
soluble fraction would be necessary to explore thisher. The increase in median
fluorescence intensity (MFI), particularly evidemt plasma units after day 10 of
storage, suggests that externalisation of CD62hdainidual platelets is not an all-or-
nothing response. The possibility of a graded respas also evident from a study by
Rinder et al which demonstrated a four-fold higl@P62P expression per platelet
following activation with thrombin compared to aettion by a combination of
epinephrine and ADP (despite similar percent passiéixpression) (Rinder et al., 1991).
If an increase in MFI is related to a stronger stims, the rise noted in this parameter
after day 10 may suggest a deterioration of theagw environment. For plasma units,

this may be related to the decrease in extracelhHi,-c to median levels of 6.6.

Two further observations related to the externtbsaand shedding of CD62P require
discussion. Firstly, the levels of sCD62P in SSPunits at the start of the storage
period and secondly, the relatively high levelgpefcent positive expression of CD62P
in comparison to the published literature. Mediawels of SCD62P in plasma units
were 89.7 ng/mL at the start of the storage pefldus reflects levels in normal human
plasma ranging between 36 — 250 ng/mL (Ushiyans. 1993, Katayama et al., 1992,
Dunlop et al., 1992). Considering that only abod®3of plasma was carried over into
the SSPO units, the expected median concentration of SCOB2PSPO units would
be 26.9 ng/mL. Measured levels were approximatslge this value (median of 52.0
ng/mL). Similar proportional levels were reporteda recent study comparing various
in vitro characteristics in PC suspended in plasma or tiffereht platelet additive
solutions in a 70:30 PAS to plasma ratio (Cardighal., 2008). A possible explanation
would be an increase in platelet activation causethe processing of the two groups of
PCs. However, the only difference in the processnfigthe two groups was the
replacement of 70% of plasma with SSP In addition, othein vitro parameters were
similar in both study groups on day 1; in particulboth measures of the surface

expression of CD62P. It is possible that the soofcéhe plasma carried over into the
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SSPO units is the source of the high sCD62P levelss fitasma remnant is obtained
from the residual plasma bathing the buffy coathjctv are held overnight prior to
processing. Berger et al reported that infusioplafelets incubated in whole blood led
to a significant decrease in CD62P expression adtémfusion into mice compared with
platelets incubated in either platelet-poor-plasoraa buffer solution, suggesting
increased shedding of CD62P from platelets in tlesgnce of other cellular elements
(Berger et al., 1998). If the overnight storageplatelets in a buffy coat promoted the
externalisation and shedding of CD62P into thediedi plasma, these proportionately
high levels of sSCD62P would have been retainetténSSPO units and reflected in the
day 1 values. Measuring the concentrations of $el@D62P in buffy coat-derived
plasma as well as in the plasma units retainedratgha for the preparation of BC-PC
in 100% plasma would help to determine if this exyltion accounts for the measured
levels of SCD62P.

A number of storage studies have reported percesitiye values for surface CD62P
ranging between 12.6% and 36.6% on day 1 (withsuimiteither 100% plasma or a
PAS-1IIM formulation) (Keuren et al., 2006, DijkstiTiekstra et al., 2004, Cardigan et
al., 2008, Wagner et al., 2008, Wagner et al., 208@nsey et al., 2006). These
published values compare with median levels of @3id the plasma group and 55.7%
in SSPO units on day 1. As the units were processed bydatanprocedures, it seems
unlikely that the relatively high values in thisudy reflect greater platelet activation
compared to other studies. It is more likely thHad telatively high values are due to
assay methodology. In the studies referenced aimowhich details of the methodology

were provided, the samples were fixed either bedorafter staining. The assay used in
these studies omitted fixing the samples in prefegeof immediate analysis after
staining. In addition, the assay combined the nreasent of CD62P with annexin V

binding. Binding of CD62P occurred initially with B5-minute incubation, with the

annexin-V-FITC probe requiring a second incubatimthe same sample tube. Without
fixation, it is possible that platelet activatioautd continue in the sample tube during
the second incubation, resulting in higher surfexgression of CD62P. However, the
combined incubation of 30 minutes with anti-CD62Pniot excessive compared to
published methodologies. A further variable whichyne of significance is the use of
phycoerythrin (PE)-conjugated anti-CD62P insteach ¢fITC-conjugated antibody, as

PE is an inherently brighter fluorescent stain tRdhC (Shapiro, 2003) (though both
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stains are referred to in the literature). Furtemiables posited as having an impact on
CD62P surface expression include the instrumerd,uke choice of antibody clone and
the definition of the gating for the isotypic caslirthat is, the percentage of negative
events included in the gate used to define CD6Xipiby (Curvers et al., 2008). The
adopted method used a Beckman Coulter FC500 ancutmiech clones (Beckman
Coulter, Milton Keynes, UK) for both the anti-CD62fain and the isotypic control.
The CD62P gate was set on one percent of negaters following common practice
(Ormerod, 2000). Additional investigations to detere whether particular aspects of
the assay methodology are responsible for theivelgt high percentage positive
expression should initially centre on the role ixiafion. The study by Curvers et al
described a statistically significant reductiondB62P staining when cells were fixed,
though the gross differences did not appear sefficito account entirely for the
variation in results between the adopted assay taedreferenced literature. The
approach of combining the anti-CD62P and annexbinding and its possible role may
also be worth re-visiting, though the initial dem@nent of the assay did not suggest an

impact on results.

The possible involvement of programmed cell deatlthe platelet storage lesion was
investigated through the increased expression ah@whospholipids on the outer
leaflet of the plasma membrane and the disruptibthe mitochondrial membrane
potential A¥Ym). The former was measured by the binding of #soently-conjugated
annexin V to aminophospholipids on the plateletfem@, whilst disruption of the
membrane potential was measured by changes in fteechandrial uptake of the
cationic dye JC-1. As described in the introductitve loss of phospholipid asymmetry
that leads to a proportionate increase in amingptiagids on the outer leaflet of the
plasma membrane of activated platelets is imporfantnormal coagulation. The
increased expression of phosphatidylserine on titerdeaflet, as demonstrated by
annexin V positivity, is also commonly seen in sellndergoing apoptosis and is
generally regarded as an early indication of aeméring a process of programmed cell
death (Martin et al., 1995, Schlegel and Williams@001, Leventis and Grinstein,
2010). (However, it should be stressed that ine@ashosphatidylserine expression is
not confined to an apoptotic mechanism of cell ieatd has been also been reported in
various examples of cell death by necrosis (Kryskal., 2004, Galluzzi et al., 2009,

Jackson and Schoenwaelder, 2010, Hirt and Lei§t3,2Poon et al., 2009)). The higher
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levels of percent positive expression in units sasied in 100% plasma compared with
SSPO contrasted with relatively lower mean fluoresceimtensities in the same units;
the latter indicating a lower expression of aminmggholipids per platelet in units
suspended in plasma. The kinetics of annexin Vibmger platelet in the two groups
throughout the storage period was similar. MFI Isvgenerally decreased in both
groups between days 1 and 10. One possible intatjone is that externalisation of
aminophospholipids was transiently increased dunimgcessing, with the normal
phospholipid asymmetric distribution gradually stablished in the more controlled
conditions of standard storage. The relatively bighFI levels in SSP] suggests the
initial phospholipid disruption was more markedhese units (and may have continued
in the initial period of storage, as suggestedhayihcrease in levels between days 1 and
2 in these units). The similar rate of decreasdil levels between the two study
groups over time suggests a standard rate of gctoni the ATP-dependent translocase

associated with the inward movement of aminopholgpls.

The higher percent positive expression during nodghe storage period in platelets
suspended in plasma suggests that although maelgttawere expressing detectable
levels of aminophospholipids, the concentratiorthafse phospholipids was lower per
platelet than for platelets in SSP units. The processing-related increase in annexin
binding per platelet in both study groups is lirdite a small subpopulation of platelets,
as less than 5% of platelets exhibit annexin V ipigcat the start of storage. Similar
starting values have been reported in the liteeatior PCs prepared by various
processes and suspended in a variety of mediazfPeiiel et al., 2004, Shapira et al.,
2000, Sweeney et al.,, 2006). Levels on day 8 wearelas to those published by
Cardigan et al for plasma-suspended BC-PC stordfliX packs at comparable time
periods (days 7 - 9) (Cardigan et al., 2008). Diesihie accelerated increase in positive
percentage expression after day 8 in both grougpg,1d values of approximately 30%
suggested a relatively large pool of platelets iesth viable, although thein vivo
survival and ability to support coagulation reastioremains to be conclusively
determined. A loss of aminophospholipids on thdaser of platelets could be related to
increased formation and shedding of microparticgieplasma units (Heijnen et al.,
1999, Perez-Pujol et al., 2005), although micraplas were not quantified in this
study.
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The progressive decline in the red to green (Ri@réscence ratio of the JC-1 cationic
dye used to investigate the effect of storage enntitochondrial membrane potential
indicates a relative reduction of J-aggregatefiénmitochondria with respect to green-
fluorescing monomers restricted to the cytosolhange attributed to the depolarisation
of the inner mitochondrial membrane with PC storafjeere is limited data on the
impact that processing and subsequent storage atkl@l concentrates has on
mitochondrial membrane potential. Some studies liaued little difference over the
first seven days of storage (Perrotta et al., 2008)ers have described an initial
increase in the fluorescence ratio over the fiest fdays of storage followed by a
decrease (Verhoeven et al., 2005), whilst stileatthave shown steady decreases in the
ratio with storage (Li et al., 2005b). A numbergobups have reported results in terms
of percentage of cells expressing red (polarisedy/a green (depolarised)
fluorescence (Perrotta et al., 2003, Li et al.,Z0Mterestingly, the limited number of
studies that have reported results using both agpes have found disparate patterns
between the two methods over the storage periogl stidy by Li et al reported limited
decrease in the percentage of polarised cells Ddearys of storage, but an approximate
50% decrease in the red/green fluorescence ratiet(al., 2005b). Similarly, a recent
study by Albanyan et al reported significant desesain the red/green fluorescence
ratio in both apheresis and buffy coat-derived Piiig, failed to detect a significant
increase in the percentage of depolarised plataleise BC-PC units (though marked
increases were noted in the apheresis-derived PXlisanyan et al., 2009). The last
study suggested that the two approaches for reygosti’m reflect different aspects of
mitochondrial membrane depolarisation, with the Rll@®rescence ratio indicating a
platelet population displaying partial as well a#l depolarisation of mitochondrial
membranes whilst percentage of depolarised plateletlicates solely complete
depolarisation. The decrease in the R/G ratio énfittst half of the storage period may
thus reflect partial as well as complete depoléinsaof the mitochondrial membrane.
Depolarisation was evident from the beginning & ¢liorage period, without the delay
evident for the externalisation of aminophosphdipithus agreeing with observations
that suggest changes to th&m are an early indication of programmed cell death
(Mignotte and Vayssiere, 1998, Castedo et al., 18&8vmeyer and Ferguson-Miller,
2003). In addition, the platelets in both study up® were able to adequately
compensate for any disruption to oxidative phosplation, since ATP production

during the first half of the storage period waslwehintained.
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In summary, platelets suspended as concentratessiorage medium comprising a
ratio of 70:30 SSP+# and plasma performed at least as well as platsietpended in
100% autologous plasma for up to 10 days of stor&@ggond this time-point, an
accelerated deterioration was observed, possildyed to the depletion of glucose in
these units, which was not reflected by the routinmlity parameters of pH and
swirling. The increase in the percentage positiMeression of annexin V binding and
decrease iM\¥m suggest an apoptosis-like process may be invoivetthe platelet
storage lesion, with mitochondrial changes preag@in increase in the percentage of
platelets expressing annexin V. However, subsegstedies suggested that whilst this
may have played a role in the first few days ofage, this was not the case at later
timepoints. The subsequent studies targeting daestis of an artificial additive
solution and the response to the BH3 mimetic ABT-¥&re undertaken to further
investigate this hypothesis. Although the assesswieplateletin vitro characteristics

is a logical starting point for the investigatioh matelet viability beyond 7 days of
storage, the questions of haemostatic functionelkag platelet recovery and survival
following transfusion would need to be addressemrpto any consideration of

extending the storage period of PCs beyond sevgsn da

INVESTIGATION INTO THE ROLE OF ALBUMIN, GLUCOSE AND ACETATE
ON THE IN VITRO STORAGE CHARACTERISTICS OF PLATELETS STORED AS
CONCENTRATES IN AN ARTIFICIAL ADDITIVE SOLUTION WITH MINIMAL

PLASMA CARRY-OVER

Albumin Study

Human albumin is the most abundant protein in pasoomprising 50 — 60% of the
total serum protein, with a normal concentratio®@f— 50 g/L (Farrugia, 2010). It is a
65 kDa glycoprotein with a flexible molecular sttue, a negative surface charge and a
large number of disulphide bridges (He and Calfi®9?2) - all attributes of the molecule
which relate to its varied functions. Albumin isetimost significant contributor to
normal colloid osmotic pressure due to a combimatibits molecular weight and high
plasma concentration as well as its negative sertharge (Nicholson et al., 2000). The

flexible nature of the molecule allows it to birada wide variety of molecules and serve
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as a carrier for free fatty acids which may be ipooated in the metabolism of other
lipids (Okuma et al., 1971). Other suggested rédesalbumin include an ability to act
as a buffer (McAuliffe et al., 1986) and as an @aitlant. The latter may be due to the
large number of sulfhydryl groups which serve tmoge oxygen free radicals and other
oxidising agents (Nicholson et al., 2000). In aidait studies on cultured endothelial
cells have identified albumin as an inhibitor ofopfosis (Zoellner et al., 1996). The
suggested role of albumin in fatty acid transppldsma buffering, the scavenging of
oxidants and inhibition of apoptosis suggest a mae beneficial effect onn vitro
platelet viability, and suggested albumin may belpaesponsible for the requirement
to retain a significant proportion of plasma in gwespending medium. The presence of
albumin in the suspending medium was thus hypakdsio aid in maintaining platelet
viability in storage.

The principal observation from the three replicai@eriments which incorporated a
20% human albumin solution (Zen&&9, BioProducts Laboratory, Elstree, UK) to the
standard additive solution was the rapid deterionadf the platelets after day 3. This
was evident across all the parameters measureda Bignificant proportion of the
platelet population disruption was total, as evidhby the marked decrease in platelet
concentration, suggestive of platelet lysis. Theults suggested the disruption was
directly related to the addition of the albuminwan, as a dosage-dependent response
was clearly evident. The loss of swirling in albartontaining units was also
indicative of gross morphological changes. The ibdgy that differences in osmotic
balance were responsible appeared remote sinceotieentrations of albumin in the
media were not expected to result in a hyperosnestiironmentFor confirmation, the
osmolality of a sample from a unit re-suspendechvBAS containing the highest
concentration of albumin (120 ml of Zen&#9) was measured with an Osmomat 030
cryoscopic osmometer (Gonotec GmBH; Berlin, Germanijhe result of 292
mOsm/kg was comparable to normal levels in exthalesl fluid of approximately 300
mOsm/kg (Bourque, 2008).

Glucose was consumed at an accelerated rate irprdsence of albumin, leading
directly to the cessation of lactate productionday 6. This was reflected by the pH
levels which failed to decrease beyond day 6; ceaifig the observation made in the

comparative study of plasma and SSRunits that extracellular pH is highly dependent
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on the presence of glucose in the suspending medtuatso highlights the limits of
employing pH in isolation as an indicator of plateliability in routine quality control
for PC components with limited glucose stores, asipld values remained stable despite
obvious deterioration of the components. As wellhescollapse of glycolysis by day 6,
the partial pressures of oxygen and carbon dioxideeated oxidative metabolism was
also compromised. The relatively high pl@vels on day 2 in the presence of albumin
suggest oxygen diffusing into the pack was notdeitilised, even at this early stage in
the storage period, and may indicate early damagiget mitochondria. The loss of both
mechanisms of ATP synthesis in the albumin-comginiinits was reflected in the
absence of ATP by day 6. ATP levels on days 2 anei@ similar to units suspended
in SAS in the absence of albumin, suggesting tairicreased rate of glycolysis in the
albumin-containing PC early during the storage querwas compensating for any

disruption of oxidative metabolism.

Starting levels of surface-expressed CD62P witfficalt groups in this study were high
compared to BC-PC processed by standard methodndang which was not

unexpected considering the stress imposed on #tel@ls during processing by the
hard spin required to pellet the platelets and remthe majority of the plasma.

Interestingly, though, similarly-processed PC repminded in 100% plasma showed
markedly lower percentage positive expression of6Z at the start of storage,
suggesting that a component in plasma not charseteby the albumin in solution

reduced platelet activation to levels more comgdarab standard BC-PCs. The
progressive decrease in percent positive expressiith storage suggested that
shedding of the CD62P occurred preferentially vhidgher concentrations of albumin.
This finding appeared to be corroborated by thehdrigconcentrations of soluble
CD62P in albumin-containing units compared with greup lacking albumin as the
storage period increased. However, the clear dedagendent effect of albumin noted
with percent positive expression was not matchedhiglier concentrations of soluble
CD62P in units with higher concentrations of albnmiit is possible that lysis of the
platelets resulted in CD62P-bearing fragments thete not quantified by the flow

cytometer protocol employed, since this was aimmslatds the counting of intact

platelets. The increased platelet lysis associatidd higher albumin concentrations
may thus account for the more pronounced decraadbe percentage of platelets

expressing CD62P, as well as the decrease in CR&RRession per platelet. As the
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CD62P on these fragments would remain membranesiassd, it may also be
“hidden” from the ELISA assay adopted to measumeceatrations of the soluble 100

kDa fragment of the molecule.

The parameters selected to investigate apoptosisdaed a comprehensive pattern that
confirmed the conclusion derived from the metabali morphological markers that
the platelets suspended in albumin-containing SA8 Bxperienced a catastrophic
disruption of function and viability. Mitochondrianembrane potential decreased
rapidly in these units from the beginning of therage period, which may be related to
the impaired oxidative phosphorylation implied Ime tincrease in pOfrom day 2. By
comparison, the comparative delay in the increaseamnexin V binding and
intracellular free calcium, with levels only incedag after day 3, suggest that
aminophospholipid externalisation and release dtiwa into the cytosol occur
subsequent to mitochondrial disruption during pédtstorage. The loss of phospholipid
asymmetry is expected to result in an increaseotf PE and PS on the outer leaflet of
the platelet membrane. The nature of the aminogtagpds expressed on the platelet
surface was further characterised by mass spectrpme a representative sample. As
expected, both PE and PS increased with storagiimin-containing units. However,
expression of all four isoforms of PE in non-albongontaining units remained stable
throughout storage, suggesting that the relativelyor increase in the percentage of
annexinV-binding platelets during storage was ppakly due to the increase in PS
expression observed by mass spectrometry. Massrepmtric measurements were
performed on a representative sample, and furtbplicates would be required to

confirm whether this observation is reproducible.

The addition of human albumin to the additive Solutresulted in a clear degradation
of platelet function and viability in excess of olgas associated with the platelet
storage lesion in more conventional media. This miged an early increase in both
aerobic and anaerobic metabolism, with total congion of exogenous glucose by day
6 coinciding with the depletion of ATP stores. Thisturn was associated with results
from the cell death and platelet morphology paramsetindicative of irreversible

platelet degradation. The human albumin solutioedusvas a 20% solution of

commercially available human albumin (Zerfak0, Bio Products Laboratory, Elstree,

UK). Different batches of ZendlB0 were used for the three replicate experiments; a
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possible artefact caused by a manufacturing anoroéla single batch was thus

excluded as a possible explanation.

Further experiments were undertaken with a diffecemmercially available albumin
solution (Baxter Healthcare, Norfolk, UK) as we#l with fatty acid-free lyophilised
albumin from human serum (Sigma-Aldrich, Dorset, )JUid determine whether the
formulation of the albumin solution selected waspensible for the observed results.
Both experiments strongly suggested that the rageterioration in platelet
characteristics noted with Zen&R0 was caused by the formulation of the albumin
solution, though Zenafbsolutions are well-established in the clinicatisgt with no
reported effects on platelets. Therefore, the aleskchanges appear to be limitedrto
vitro phenomena. Details of the composition of the humalbumin solutions (as
determined from the publicly available package itsyesuggest the two products are
similar, with both manufacturers adopting sodiuntanoate as a stabilizer against the
relatively high temperatures of the pasteurisatsteps during manufacture and the
Baxter formulation additionally employing sodiumanetyltryptophanate to reduce
oxidation (Yu and Finlayson, 1984, Anraku et aQ02) (table 8.1).

Table 8.1: Composition of commercial human albuswutions as provided by the
manufacturers in their publicly available literair (Sodium n-octanoate and sodium
caprylate are synonyms)

Zenal$20 Baxter 20% human albumin
Sodium 50-120 mmol/L Sodium chloride 3.0 g/L
Potassium Sodium caprylate 2.7 g/L
. Sodium n-
Chloride acetyltryptophanate

Citrate i////////////////////////////////

Sodium n-octanoate

<200 pg/l of aluminium %//////////////////////////ﬁ

Differences in the methods employed for the marufacof the two commercial

albumin solutions may provide an alternative exatam for the varying platelet
response to the two solutions. BPL has introdudefiltdation to remove excess water

and ethanol after the initial fractionation stepsl @ chromatographic step to further
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remove contaminating proteins (Matejtschuk et20Q0). Baxter has retained the Cohn
cold fractionation method for the manufacture o&gmha products, although it is
difficult to determine from the published literatwvhether significant alterations to the
original method have been adopted.

Questions over the safety of aloumin were raisedhbypublication of a meta-analysis
of 30 randomised controlled trials which concludieere was a 6% increase in the risk
of death in patients treated with albumin (Berd®98). Subsequent studies have failed
to confirm these conclusions (Wilkes and NavicR801, Vincent et al., 2004, Dubois
et al., 2006). In light of the markedly differenhpact on platelet characteristics
resulting from the inclusion of albumin solutiofn two different manufacturers to the
storage media, the question arose as to whetheugbeof albumin solutions from
different manufacturers could explain the hetereggnof results regarding the safety
and efficacy of albumin in the clinical literatur&.review of the publications used in
the meta-analyses referenced above failed to weydfurther insight due to the failure
in a large proportion of the studies to identifg thlbumin manufacturer as well as the
wide variety of manufacturers used in the variduslies where the albumin source was
quoted. However, different albumin preparationsehéeen reported to demonstrate
variable upregulation of endothelial cell adhesioolecules, even between batches
from the same manufacturer (Nohe et al., 1999)iaé& responses in blood pressure
have also been reported on infusion of differerithes of 5% human serum albumin
(Heringlake et al., 2000). Thus, although it is possible at this stage to definitively
identify the causative factor behind the dispaeffect on platelets in storage of the
BPL and Baxter albumin solutions, it is clear tbHaspite advances in the manufacture
of human albumin solutions, there remains significaariability in thein vitro

characteristics of different albumin solutions.

The inclusion of human albumin in the storage medwas hypothesized to aid in the
maintenance of platelet viability vitro. In this regard, the experiments with the Baxter
formulation and powdered human serum albumin faileddemonstrate improved
platelet storage characteristics, though caregsired in deriving a conclusion from a

single data point.
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Glucose Study

The studies on platelet metabolism by Kilkson eledl to the conclusion that glucose
was not an important substrate for aerobic metabmliand called into question the
relevance of glucose as a component of the staregkum (Kilkson et al., 1984). The
possibility that it may even be harmful was suggestlue to the promotion of
glycolysis by glucose with a resultant decreaspHn The consensus from more recent
work on PC storage has increasingly converged emttion that glucose is required
throughout the storage period (Gulliksson, 2000]likason, 2003). However, the
mechanism of action remains elusive and a consessits role remains to be reached

(Gyongyossy-Issa, 2011).

Glucose was utilised by the platelets from the ieigig of the storage period. The rate
of decline was independent of the initial concetitraof glucose and correlated closely
with the rate of lactate production, suggestingcgbe was being consumed via
glycolysis from the beginning of the storage peribldis was despite unrestricted access
to oxygen through the gas-permeable packs and riémepce of oxidisable fuels, as
noted in early studies on platelet metabolism dustorage (Holme et al., 1987). A
precedent for the continued generation of lactatenfglucose via the glycolytic
pathway in environments with abundant oxygen wast filescribed by Warburg in
relation to the metabolism of proliferating cancetls (Warburg, 1956) and has since
been recognised as a feature in healthy divididig ¢eunt and Vander Heiden, 2011).
A posited explanation is that aerobic glycolysisough inefficient in terms of the
overall number of ATP molecules generated per glacmolecule compared to the
oxidative phosphorylation pathway, is able to prEATP at a faster rate (Pfeiffer et
al., 2001). In rapidly proliferating cells which gnee competing for limited resources, a
faster rate of ATP may thus be more desirable (¥arttkiden et al., 2009, Lunt and
Vander Heiden, 2011). It is unclear at this timaybver, how this could translate to the
physiology of platelets stored as concentrates. Tdte of glucose consumption
increased over the storage period. It is possiidéthe platelets are preferentially using
the exogenous acetate as the principal fuel to taaienergy levels and progressively
converting to glucose as a metabolite as the acestattonsumed (Murphy, 2002,
Vetlesen et al., 2007, Ringwald et al., 2006).
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Results from other metabolic parameters suggestthigarole of glucose in platelet
metabolism is not restricted to glycolysis. The eafu® of glucose in the medium
resulted in a decrease in p&O in isolation, this may be indicative of reducé@®,
generation as a result of impaired oxidative phosghtion. However, as already
discussed, various studies investigating the domion of glucose to oxidative
pathways of metabolism have concluded that it pkaysinor role (Guppy et al., 1990,
Murphy, 1995). A possible alternative explanatiaruld relate the reduction in GO
generation to reduced activity of the bicarbonatidring system as lactate levels cease
to rise with the exhaustion of glucose. Loss ofcghe was also associated with a
reduced oxygen consumption rate and a decreasd h ddncentration; indeed, ATP
levels were markedly lower from the start of therage period in units lacking
exogenous glucose. Mean ATP levels on day 2 inftis lacking glucose were 78% of
mean levels in the group containing the highestentration of glucose. It is possible
that this difference simply reflects the proportioh ATP that would otherwise be
supplied by glycolysis, estimated to be approxityal®-25% of total ATP production
(Guppy et al., 1997, Bertolini et al., 1992). ATé&¥éls in units lacking glucose declined
steadily with storage, suggesting the exogenousacend endogenous fuels were
unable to compensate for glucose in the produaifolhTP, unlike the results observed

with units that retained reserves of glucose tcetie of storage.

The glucose study showed that early changes inchmtedrial membrane polarisation
were followed by increases in cytosolic ®aand surface expression of
aminophospholipids which were linked to a decreas&TP levels coincident with the
exhaustion of glucose in the media and ultimategulted in platelet degradation
indicated by decreased platelet concentration. dégletion of glucose may have
provided a trigger for these events. Though sonthebbservations seemed to concur
with the proposal that a process akin to apoptesis a central component of the
platelet storage lesion, the loss of ATP and catluisruption coincident with the
exhaustion of glucose stores are not consistenih wie classical description of
apoptosis since this is an energy dependent prdkessy et al., 2011). Regardless of
the mechanism of cell death, the implication rermahmt glucose is required for the
maintenance of platelets stored as concentratesvanldl be a beneficial component of
artificial additive solutions, particularly if thaim is to reduce patient exposure to

donor plasma by minimising plasma load in PC units.
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Acetate Study

The addition of acetate to the SAS resulted in ceduglucose consumption (with the
concomitant decrease in lactate production), a nredguced drop in pH and an
increased oxygen consumption rate. Similar resdige been reported in the literature
(Gulliksson, 2000, Murphy, 2005) and are likelyateld to the preferred use of acetate
as an oxidisable fuel by platelets as well asdditffering capacity. However, although
the decrease in pH and glucose during the first dfathe storage period was not as
marked, levels were not found to be stabilisedHgyihclusion of acetate. In addition,
also in accordance with the published literaturee tiddition of acetate failed to
maintain ATP levels and resulted in a concentratiependent depression of the
response in the HSR and ESC assays (Holme, 1998). sEemingly paradoxical
decrease in ATP levels may be related to the mbsabaf acetate into acetyl coA, a
reaction that requires the consumption of an ATReme and results in the formation
of AMP and a pyrophosphate (Liang and LowensteBiy8l Knowles et al., 1974).
Studies associated with the use of acetate in hdiahgsis have noted that a rapid ATP-
consuming process occurred at high concentratidnacetate in cardiac myocytes,
actually reducing the concentration of ATP and éasing AMP levels. Mitochondria
are incapable of rephosphorylating AMP, insteadnfag two ADP molecules with the
additional use of ATP by the adenylate kinase reacfVinay et al., 1987). Animal
studies have also noted a decrease in ATP/ADPsratial an increase in AMP levels
following the infusion of acetate into heart or Igtal muscle (Liang and Lowenstein,
1978, Spydevold et al., 1976).

The reduced responses in HSR and ESC assays ewsidiet start of the storage period
were accompanied with enhanced platelet activatimh platelet lysis, as inferred from
lower platelet concentrations. Subsequent measunsnoé these parameters during the
storage period tended to occur at similar rateggesting the initial exposure to acetate
was the principal stressor rather than progresshenges imposed over the storage
period. Also evident was a direct relationship lesw the concentration of exogenous
acetate and the level of the adverse responseougdthit was not possible to infer a
mechanism to explain these findings from this sfutlg possibility that acetate may
have adverse effects has been suggested by clolisgrvations of the use of acetate

and whole-body studies on animals. Acetate has begsloyed as a buffer in various
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clinical solutions but been found to be associatétt vasodilation effects, impaired
contraction of cardiac myocytes and in some cagpsthnsion (Olinger et al., 1979,
Jacob et al., 1997, Vinay et al., 1987). The immpdchdded acetate on the markers of
apoptosis was less clear, with only a suggesti@ the highest concentrations of
acetate may be enhancing cell death. The markesase in anionic phospholipid
externalisation observed after day 8 may be relaidtie exhaustion of glucose stores

rather than a storage-related effect of acetatiedrmedium.

The inclusion of acetate in artificial storage nzetlias been principally based on its
buffering action and associated ability to maintaid at relatively higher levels.
However, its addition to SAS in this study resultedower levels of ATP as well as
decreased performance in assays related to pldigtetion (HSR/ESC). Further
studies on the impact of exogenous acetate onlgidtection, morphology, activation
and apoptosis would help to clarify its role in firegression of the PSL. If the adverse
effects suggested by this study were confirmed, ghssibility remains that with
adequate levels of sodium bicarbonate in the séoragdium, acetate may not be

required for the maintenance of platelets as canaess.

INVESTIGATION INTO THE MECHANISM OF AMINOPHOSPHOLIPID
TRANSLOCATION AND THE ROLE OF BCL-2 FAMILY INITIATION OF
PLATELET DEATH IN RELATION TO THE PSL

Efforts to determine the optimal conditions for $terage of platelets as concentrates
initially centred on the metabolic characteristiégplateletsin vitro. Application of this
work led to the adoption of gas-permeable plastits$ storage under constant agitation
at 22°C, with clear practical benefits evident Ire tmaintenance of pH levels and
platelet survival in the circulation post-transtusi(Murphy et al., 1982, Holme et al.,
1978, van der Meer and Korte, 2011). However, curguidelines for PC storage
continue to result in changes that adversely atfeetsurvival and function of platelets
in storage. Interest in the possibility that a coliéd process of cell death may play a
significant role in this phenomenon has been irgingp with the applied aim that a
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better understanding of the phenomenon may alle@vntianipulation of the storage
conditions to reduce the adverse effects of the. H&E opportunity arose to investigate
the mechanism of platelet death in storage moextyr by examining the translocation
of aminophospholipids in platelets from a Scottdsgyme patient stored for up to ten
days alongside platelets from normal volunteersecBigally, this would determine

whether the increase in aminophospholipid expressin the platelet surface with

storage was due to platelet ageing or activation.

Scott syndrome is a rare platelet coagulation desocharacterised by an inability to
express PS on the platelet surface following atibma(Rosing et al., 1985). A recent
study showed that transmembrane protein 16F (TMBEW16a required component of
Ca*-dependent phospholipid scrambling, with a pointatian on theTMEM16Fgene

of a Scott syndrome patient resulting in prematarmination of the protein at the third
transmembrane region (Suzuki et al., 2010). Twaeh&rr mutations have since been
identified in this gene in peripheral blood leuctsy of a second Scott patient (the
patient investigated in this study), confirming tioée of this protein on Gadependent
PS expression (Castoldi et al.,, 2011). First resmgh in lymphocytes, surface
expression of PS is also associated with cellsi@gt@poptosis and is believed to act as
a recognition signal for cell clearance by phagesyiFadok et al., 1992, Bevers and
Williamson, 2010). A study on B lymphocytes fronseott patient detected normal PS
exposure in cells stimulated to undergo apoptasigdiled to detect a similar change in
cells exposed to a calcium ionophore, suggestirg two distinct pathways of PS
exposure may be operating in haemopoietic cellglighison et al., 2001, Zwaal et al.,
2004). A recent study investigated this concepplatelets using mice with variable
expression of the pro-apoptotic Bcl-2 family mensbédak and Bax.Bak Bax”
platelets exposed to the apoptosis-inducing BH3 eticPABT-737 failed to express PS
on the surface, whereas exposure to either a ocaléanophore or CRP/thrombin
resulted in normal levels of PS exposure. Theselteesonfirmed the hypothesis that
expression of PS on the platelet surface followsleaist two distinct pathways
depending on whether the platelets are subjectedptioysiologic agonist, an apoptotic
process (Schoenwaelder et al., 2009) or anothehamézm. They also indicate that the
scramblase remains unaffected by the Scott genatimitand serves as a juncture for
the convergence of the two pathways (Bevers andiamison, 2010) (figure 8.3).

Recent work on platelets from the Scott patientegtigated in this study further
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suggests that PS translocation occurs by at leespathways. One pathway observed
in both Scott and normal platelets is independéritirmctional TMEM16F and exhibits
a relatively slow response to incubation with AB3#7 The second pathway is
TMEM16F-dependent, absent from Scott platelets, asbociated with high

intracellular C&" and rapid scrambling (van Kruchten; revised maripssubmitted).
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Figure 8.3: Two distinct pathways leading to PSasywe in platelets. Exposure of PS following
Ca* ionophore or agonist stimulation is blocked in 8@yndrome patients. The alternative
pathway, initiated by the Bcl-2 family of proteiispunaffected by the Scott defect and is able to
lead to PS translocation via regulation of mitocddal changes (SOCE - store-operated
calcium entry) (Bevers and Williamson, 2010) (Reépced with permission, © Elsevier B.V.)

If scramblase independent mechanisms were assbciaith the expression of

aminophospholipids during platelet storage, theepdss from a Scott patient would be
expected to increasingly express PS on their sartaer the course of the storage
period, similar to platelets from normal individsalResults from the current study
confirmed this, with similar levels of annexin Vnbing on platelets from a Scott
patient and two normal volunteers over the couifs® days of storage. Subsequent
experiments at the University Hospital of Wales WWHand by Professor Bevers’ team
at Maastricht confirmed these findings. The teardld¥W subsequently investigated the

relationship between this increased expressiommf@phospholipids in Scott platelets
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and their ability to support thrombin generatiom Mcreased expression of PS in
activated platelets from normal individuals sert@spatially concentrate the activities
of the tenase and prothrombinase complexes and ghareote thrombin generation
(Heemskerk et al., 2002). If the PS progressivelgressed on the surface of stored
Scott platelets retains this function, an increasethrombin generation would be
observed with increased storage. The results wemsistent with this, with levels of
thrombin generation in Scott platelets similar tmtzol platelets by day 8 of storage.
The question remains as to whether aged Scottigiatetain this functional capacity
vivo. The studies thus confirmed that the increasenimexin V binding observed with
storage was not due to activation mediated by duli@ss. A further experiment was
undertaken to determine whether an increase in @hwspholipid translocation could
be observed in platelets stored in additive sotuttm addition of a promoter of a
controlled mechanism of cell death.

The central role played in the apoptosis of nuel@atells by the Bcl-2 family of
proteins has been confirmed in numerous studies¢fent reviews see (Danial, 2007,
Chipuk et al., 2010, Brunelle and Letai, 2009, Dews2010)). Following exposure to
an apoptotic stressor, the conformational changkdigomerisation of pro-apoptotic
members Bax and/or Bak on the outer mitochondrehimrane is thought to form pores
allowing for the release into the cytosol of intemrbrane space proteins such as
cytochrome ¢ and Smac/DIABLO which proceed to a&téi or enhance caspase
activation leading to apoptosis (Youle and Strgs2@d8, Westphal et al., 2011). Two
major models have been postulated to explain tigelagon of apoptosis by Bcl-2
family proteins; both involving the interaction BH3-only proteins as facilitators of
apoptosis. The indirect activation model suggesésrble of the anti-apoptotic Bcl-2
and Bcl-X_ proteins is to inhibit pro-apoptotic Bax and B&3-only proteins in this
model sequester the anti-apoptotic Bcl-2 protemgesponse to apoptosis-inducing
signals, thus releasing Bax and Bak and allowirgmtto oligomerize (Willis et al.,
2005, Fletcher and Huang, 2008). The direct agtimamodel further classifies the
BH3-only proteins into sensitizers and activatokstivators such as Bim and tBid
directly bind and promote the oligomerization ofxBand Bak. The role of anti-
apoptotic Bcl-2 proteins in this model is to binadainhibit the activators. BH3-only

sensitizers such as Bad are able to promote apsftp$inding to anti-apoptotic Bcl-2
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and/or Bcl-X and thus release the activators (Kim et al., 20@6)urther model
referred to as “embedding together”, which incogbes aspects of both the direct and
indirect activation models, has also been propdlsatiemphasises the vital role played
by the mitochondrial membrane in the initiationapbptosis by the Bcl-2 protein family
(Leber et al., 2007, Bogner et al., 2010). A comrtteme of these models is that the
interaction between pro- and anti-apoptotic membétke Bcl-2 family acts to regulate
the process of cell death (Leytin and Freedman32Bfown et al., 2000) (figure 8.4).
A) Direct Activation Model
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Figure 8.4: Direct and indirect activation modelgBax and Bak activation. A). In the
direct model, proapoptotic Bax and Bak require e&tdor BH3-only proteins to
function. These are preferentially bound to antiagotic Bcl-2s in viable cells. Bax and
Bak are able to oligomerise and form pores in théochondrial outer membrane
function when the concentration of activator proteiexceeds the capacity of the
antiapoptotic proteins to sequester them. SensiB&3-only proteins (e.g. Bad, Noxa)
facilitate the process by binding to the antiapajotproteins and promoting the release
of activators. B). In the indirect or diaplacemanbdel, antiapoptotic Bcl-2 members
bind to Bax and Bak, inhibiting their ability toigbmerise. BH3-only proteins bind to
antiapoptotic Bcl-2s, thus releasing the proapatqiroteins. C). Anti-apoptotic Bcl-2
proteins mobilised to the mitochondrial outer meam& bind to and inhibit both
activator BH3-only proteins such as tBid and prapmtic Bax and Bak. Sensitiser
BH3-only proteins (e.g. Bad) may displace the atiks, freeing them to bind to pro-
apoptotic proteins and initiate mitochondrial outenembrane permeabilisation
(Shamas-Din et al., 2011) (Reproduced with perminss® Elsevier B.V.).

ABT-737 binds avidly to the hydrophobic groove oflE&,, mimicking the action of

the Bad BH3-only protein (figure 8.5) (Dewson, 2P1An increase in annexin V
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binding in response to the addition of ABT-737 wbuthus indicate that
aminophospholipid translocation in platelets stonedadditive solution was able to

proceed through a process of cell death regulateeoBcl-2 family of proteins.

ABT-737

Figure 8.5: Interaction of the BH3-only protein Badth the hydrophobic groove of the
antiapoptotic Bcl-X and the corresponding activity of the BH3 mimeABT-737
(Dewson, 2010) (Open access, ©Dove Medical Preds Lt

In the unit with added glucose in the storage mmadithe addition of ABT-737
increased annexin V binding early in the storageopgecompared to control samples,
with the effect gradually decreasing over time. Teé@uced response to ABT-737 was
temporally related to falling levels of glucose aih@iP. The depletion of glucose was
also temporally related to a marked increase inemimnV binding, but with no
additional increase observed in samples with ABT-Z¢8mpared with the control. This
suggests that after glucose and ATP levels fa#, phatelets are no longer able to
express aminophospholipids through an apoptotichem@sm and another mechanism

needs to be postulated.

In the unit with no added glucose, ABT-737 resultedan increase in annexin V
binding compared to controls only on day 2. Beytnd time-point, annexin V binding
increased rapidly with storage but with no addiibaxpression caused by ABT-737.
The results indicated that early during the storpgeod, a mechanism regulated by
Bcl-2 proteins was present that could increase aphiaspholipid translocation in
platelets. In addition, the depletion or absenceghicose in the storage medium
markedly increased aminophospholipid translocatigthout the involvement of this
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Bcl-2 protein-regulated mechanism, by a processoxdént with a marked decrease in

ATP levels, an increase in intracellular free aaiciand progressive platelet disruption.

SUGGESTED MODEL FOR THE MECHANISM OF PLATELET DEATH IN
PLATELETS STORED AS CONCENTRATES

The increase in annexin V binding following the #idth of ABT-737 suggested a
pathway of cell death mediated by the Bcl-2 famdfyproteins could be initiated in
platelets at the start of storage and prevaileduforto eight days in the presence of
energy stores able to maintain ATP levels. Thisdssistent with apoptosis being an
energy-dependent process (Nicotera and Melino, 2@&cent studies have confirmed
the release of cytochrome ¢ and activation of ces3ain stored platelets in response to
the BH3 mimetic ABT-737 (Dasgupta et al., 2010pwimng that apoptosis via a Bcl-2
family-mediated mitochondrial pathway is a crediblechanism for platelet death in
storage. A Bcl-2 protein-mediated cell death medmmay have been present in PC
stored for 14 days in autologous plasma, wherenarease in annexin V binding was
observed after day 8, despite glucose still beirajlable in the medium and ATP levels
retained close to day 1 values. These resultscansistent with the concept of an
internal clock limiting platelet lifespan, as sugtgl by Mason et al in their study with
Bak knockout mice in which they proposed that Isvef anti-apoptotic Bcl-X
inherited from the parent megakaryocyte degradeenrapidly than those of pro-
apoptotic Bak. Once free from the inhibitory adivof Bcl-X., the remaining Bak is
able to initiate platelet death via apoptosis (Masbal., 2007, Qi and Hardwick, 2007).
Various lines of evidence have suggested a rol¢h®iBcl-2 protein family in platelet
death. In mature platelets, levels of pro-apopt&ax and Bak have been found to
increase with platelet storage (Brown et al., 200@)ti-apoptotic members of the
family are predominantly represented by Be¢l-Xvith minimal levels of Bcl-2 having
been detected by Western blot (Sanz et al., 208ang et al., 2007). Bcl-Xlevels
have been reported to decline after 7 days in lefststored as concentrates in standard
storage conditions, with the rate of decline acetéel markedly with an increase in
storage temperature to ¥ (Bertino et al.,, 2003). An additional factor iket

progressive mitochondrial dysfunction suggestedhgygradual loss of mitochondrial
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membrane potential observed with storage, which reag to increased strain on the
antioxidant defences of the platelets and facditBtl-2 protein mediated cell death
(Voehringer, 1999, Howard et al., 2009). Thus, aENMA6F-independent mechanism
of controlled cell death - mediated by the Bcl-bhiiy of proteins and dependent on the
retention of adequate levels of ATP - is suggestelde a plausible mechanism of cell
death for platelets stored as concentrates. Thheilityaof this mechanism may be
limited by the “shelf-life” of internal stores ofnt@i-apoptotic Bcl-X and may be
exacerbated by a gradual loss of mitochondrialtionc

In the absence of glucose in the storage mediune thanslocation of
aminophospholipids was markedly accelerated in dbsence of a Bcl-2 family-
mediated mechanism, as evidenced by the lack ofdditional annexin V binding on
addition of ABT-737. An alternative mechanism isighrequired to explain platelet

death in a glucose-depleted environment.

A consistent observation in this study has beenttieaabsence or depletion of glucose
in the storage medium resulted in an increasedesspn of the markers associated
with cell death that coincided with a decline ir tlevels of ATP. It seems likely that
the ability of glucose to generate ATP via glycadyat least partly compensated for a
decrease in ATP generation via oxidative phosplatoit and helped to maintain ATP
levels during storage. In addition to its ability tegenerate ATP via glycolysis, the
question arose as to whether the absence of glucagdée having an adverse effect on
platelet biology with indirect consequences on &hdity of platelets to maintain or
regenerate ATP. A clue may lie in the markedly ggedisruption in the mitochondrial
membrane potential evident from the start of steragunits lacking glucose.

Loss of mitochondrial membrane potential was evidesiore marked changes in other
markers of cell death, suggesting an early andrpesive mitochondrial dysfunction
with storage. Synthesis of ATP via the electromgport chain is a critical role of
mitochondria and is mediated by four complexes @ased with the inner membrane of
the mitochondria. The transfer of electrons betwemmplexes | to 1V is coupled to the
extrusion of H ions from the mitochondrial matrix to the internfmane space via
complexes |, Ill and IV, resulting in an electrootieal gradient across the inner

mitochondrial membrane of approximately 180 mV @teg on the matrix side of the
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membrane). The flow of protons back into the mitouirial matrix through the fifth
complex (ATP synthase) subsequently drives thehegis of ATP from ADP (Nicholls,
2002, Bayir and Kagan, 2008) (figure 8.6). Disraptof the proton-motive force would
result in depolarisation of the membrane poterdiadl reduction in the rate of ATP

synthesis.
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Figure 8.6: Synthesis of ATP via the mitochondeiaictron transport chain (Bayir and
Kagan, 2008) (Open Access, © BioMed Central Ltd)

Deviation of electrons from the orderly progressibbrough the mitochondrial transport
chain can lead to their sequestration by oxygen eesdilt in the generation of
superoxide (&) (Adam-Vizi and Chinopoulos, 2006, Murphy, 200P)atelets were
first reported to generate,Oby Marcus et.al (Marcus et al., 1977). Reactivggex
species have been reported to promote plateletasicin, platelet aggregation and
platelet sequestration and recruitment to devefpgimombi (luliano et al., 1997, Krotz
et al., 2004). Various lines of evidence furthegpmort the concept that reactive oxygen
species can patrticipate in cell death (Kroemen.etl895, Zhao et al., 2003), with the
possibility that the levels of ROS in the cell mhglp to decide its ultimate fate
(Mignotte and Vayssiere, 1998). A possible linkvien platelet death in storage and
the lack of glucose may involve a reduction in #iglity of the platelets to combat
oxidative stress due to reduced activity of thetpsm phosphate pathway. Glycolysis
and the pentose phosphate pathway both requiresguas a starting substrate, linked

via glucose-6-phosphate (figure 8.7).
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Figure 8.7: The role of glucose as a substrate othbglycolysis and the pentose
phosphate pathway (Grant, 2008) (Open Access, ®BibCentral Ltd)

The pentose phosphate pathway generates NADPH vitiable to reduce oxidised
glutathione. Reduced glutathione acts as the stbstior a peroxidase-catalysed
conversion of peroxides such asQd to water, helping to limit damage from these
highly reactive molecules (Grant, 2008). High levef intracellular glutathione levels
have been previously reported to prevent apoptogthods triggered by ROS such as
H,O, (Pierce et al.,, 1991, Simon et al., 2000). AlthouBOS and glutathione
metabolism were not investigated in the thesis, disdussion of their role in the
observed results must remain speculative, it issiptes that a similar antioxidant
mechanism was compromised from the start of stobggie total absence of glucose,
leading to disruption of the respiratory chain amhanced depolarisation of the inner

mitochondrial membrane.

Also associated with ATP metabolism is the conegmn of mitochondrial and
intracellular calcium. Three of the dehydrogenase®lved in the TCA cycle are
known to be activated by increases in®Ceoncentrations (Duchen, 1999, Denton,
2009), with a primary function of Gain the mitochondria being the stimulation of
oxidative phosphorylation (Balaban, 2002, Hansfandl Zorov, 1998). Oscillations in
the cytosolic C& concentration ([Cd]c) can cause similar spiking in the mitochondrial
Cc&* concentrations ([G4],) which result in a relatively prolonged increaseNADH

in the stimulated cell which can enhance the probative force and increase ATP
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levels (Rizzuto et al., 2000, Pozzan and Rizzu@)(02. Indeed, a direct relationship
between [C&], and ATP levels has been established in culturéd ekouaville et al.,
1999). It has been suggested that this mechanigersofin attractive method of
targeting ATP supply to demand, since increasesytnsolic calcium are associated
with a large number of cellular functions (Duch2800, Pozzan and Rizzuto, 2000). It
may also help explain the increase in ATP levekseoled during the first few days of
storage in PC suspended in plasma or SSEough some authors remain cautious and
cite that evidence in intact systems is limitedaf@alkai and Duchen, 2008).

One of the principal calcium stores in platelet$osated in the dense tubular system,
comprised of residual smooth endoplasmic reticu{dork and Kehrel, 2005). A close
physical association between ER membranes and moibaltia has been identified
which allows for the rapid and highly localised aig of C&* by mitochondria (Rizzuto
and Pozzan, 2006). This has suggested a role fimchandria as a buffer against the
general propagation of calcium into the cytosothvihe potential for recycling of €a
back into the DTS via ATP-dependent SERCA pumpsn@vand El-Deiry, 2004).
Cytochrome ¢ may also act as a signalling moleanlk& induce a moderate release of
calcium ions from the intracellular stores of trensge tubular system. Cytochrome c is
able to interact with the IngPReceptors on the membrane of the DTS, promoting
calcium release from the intracellular stores (Boeh et al., 2003). This may be
reflected in the results, which showed minimal @ases in cytosolic calcium
concentrations whilst glucose was still availabiiespite a moderate reduction in
mitochondrial membrane potential. This essentiphysiological role for C& may be
subsequently overwhelmed by the pathological chewagenprising the PSL (Rasola
and Bernardi, 2011).

Progressive depletion of the DTS calcium pool manpldfy the process of
mitochondrial dysfunction, as suggested by the Iwtdiypothesis in which calcium’s
nominally benign physiological role is altered oxpesure to a pathological stimulus
such as ROS. Calcium itself may exacerbate thiscgs®m as Cainduced
permeabilisation of the outer mitochondrial memleraas been observed to lead to loss
of mitochondrial GSH and reduced antioxidant cayafBrookes et al., 2004). Thus,
the changes in mitochondrial membrane potentidlgheceded the increase in cytosolic

calcium in the additive solution studies may reflan early change in mitochondrial
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function at least partly driven by an increase &f‘Gevels within the mitochondrial
matrix. A measured increase in cytosolic “Cavas only evident following the
exhaustion of glucose and is suggested to be aeqaesce of the increased
mitochondrial dysfunction possibly caused by theuatulation of ROS; a sequence of
events previously suggested in other cell systéiraa €t al., 1998, Macho et al., 1997)
and emphasising the close relationship between chmtodrial function and the
dynamics of intracellular calcium. Extracellulalatam was minimally available to the
platelets in the additive solution studies, sinbe SAS did not contain any €a
containing compounds. Thus, the principal souraetlie increase in cytosolic &a
would be the intracellular stores, which appeardédqaate to maintain calcium’s
physiological functions until mitochondrial dysfumm triggered adverse changes to the
mechanisms for Gdhomeostasis. The associated loss of ATP, phogpti@symmetry
and continued mitochondrial membrane depolarisatiere also able to proceed in the

absence of extracellular calcium (see also (Lopet.£2007)).

The results and above discussion suggest a conmikraction between mitochondrial
function, ATP generation, intracellular €aand the redox state of the platelet was
possibly initiated and likely exacerbated by thepldgon of glucose in the storage
medium. The absence of glucose in the medium whalee resulted in a loss of
glycolytic ATP generation, compounding any declinéATP regeneration by oxidative
phosphorylation due to depolarisation of the mitoutrial membrane potential.
Mitochondrial calcium levels may have increasedaim attempt to promote ATP
generation. With continually decreasing energyestohowever, Gare-uptake by the
DTS via the ATP-dependent SERCA pump may have leempromised, leading to
excessive levels of Gain the mitochondrial matrix. The lack of glucasay also have
led to a reduced antioxidant capacity in the pisetue to decreased GSH levels. The
combination of increased ROS, [CJa overload and ATP depletion resulted in
permanent opening of the mitochondrial permeabilitgnsition pore (Zong and
Thompson, 2006), leading to further ROS productamd mitochondrial disruption
(Baines, 2010). Persistent opening of the porenalltor the unselected entry of small
molecules into the mitochondrial matrix. Due to thigh protein concentration in the
matrix this will include an influx of water, leadjrto mitochondrial swelling which may
terminate in rupture of the organelle due to thghbar surface area of the highly

convoluted inner membrane relative to the outemahiondrial membrane (Desagher
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and Martinou, 2000). Organelle and plasma membranag be disrupted by the
increased cytosolic Gaconcentrations, exacerbated by the lipid peroiddaactivity

of ROS. Cellular lysis would be the inevitable arte. Disruption of the normal
phospholipid asymmetry would also be expected @a®resequence of the increased
levels of cytosolic C& and reduced ATP. The general scenario is of aotieqgrathway
to cell death (Golstein and Kroemer, 2007) (fig8r&).
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Figure 8.8: Mechanisms associated with necrosiscluging a reduction in
mitochondrial membrane potentiall m), decreased ATP production, increased ROS
generation and enhanced opening of the mitochohgrgameability transition pore
(mPTP) (Jackson and Schoenwaelder, 2010) (Repradwith permission, © The
American Society of Hematology).

Taken as a whole, the results suggest a Bcl-2 neetliimechanism of cell death was
present in platelets stored with adequate enermestwhich may be initiated under
normal storage conditions by the interplay betwpsstexisting concentrations of the
Bcl-2 family proteins. Further studies involvingetimanipulation of caspases would

help to confirm whether this is in fact an apoptgirocess. A further consideration is
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the suggestion that apoptosis and necrosis maenptocesses to be viewed strictly in
isolation, but may form part of a graduated respaiescellular insult. In this context,

the cell's response to ATP depletion may involveriical threshold beyond which the

energy-dependent process of apoptosis is superssdedcrosis (Chen, 2009, Kim et
al., 2003). Of particular relevance to the artdloenvironment of platelet storage is the
phenomenon of secondary necrosis, whereby apoptsdisinates in a necrotic

outcome following the failure of apoptotic cells tee removed by scavenging
phagocytes (Lauber et al., 2004, Zong and Thom@&d6). By contrast, the lack of a
critical component such as glucose in an artifigdtitive solution led to a primary

necrotic mechanism being imposed on platelets dua tritical depletion of energy

stores. Further insight into the PSL may be gaimg@xtending investigations into the
role of both necrosis and apoptosis on platelethgesith particular emphasis on the
central part played by mitochondria in the conafboth processes.

SUGGESTIONS FOR FUTURE INVESTIGATIONS

— A more comprehensive investigation of tN¢m during prolonged platelet storage
would be beneficial in describing the role of miioadria in the PSL. In addition to
further work with JC-1, other fluoroprobes sentito changes to membrane
potential such as tetramethylrhodamine methyl e§i&éRM) could be used in

concert for confirmation of the results (Castedalgt2002, Galluzzi et al., 2007).

— To differentiate between inner and outer mitoch@dnembrane permeabilisation,
it may be possible to adopt the calcein quenchiethod. Calcein in the form of an
acetoxymethyl ester is able to diffuse into mitauthea whereas cobalt ions, which
are able to quench the fluorescence signal froweaal are excluded unless the IM
has been compromised (figure 8.9) (Petronilli et2999, Poncet et al., 2003).
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al., 2007) (Reproduced with permission, ©Springae&ce)
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Disruption of the plasma membrane typical of necrotlls has been previously
studied with vital dyes such as trypan blue andréhease of intracellular contents
such as lactate dehydrogenase (LDH). However, saotkors have suggested
caution in the use of trypan blue with plateletsofBn et al., 2000), whilst
measuring the loss of proteins such as LDH maybeosufficient to discriminate
between cell death pathways (Galluzzi et al., 208%)ce morphological changes
continue to provide some of the more definitiveicatbrs differentiating between
apoptosis and necrosis, direct observation of leateorphology by electron
microscopy may help to elucidate which mechanisrmv®lved in platelet death
during storage (Martinez et al., 2010) (figure §.1Bowever, the approach is
limited in that only a few cells can be imaged, mgkt difficult to interpret results
in relation to the population dynamics whereby @asi sub-groups of platelets may

be experiencing different stages of cell deatlhatsame time point.

ABT-737 (1 uM)

Figure 8.10: Scanning electron micrographs showmgrphological changes in
platelets incubated for the annotated periods wietiwith ABT-737 (Schoenwaelder
et al., 2011) (Reproduced with permission, © ThedAean Society of Hematology).

Measurement of extracellular €dn addition to intracellular levels would improve

the picture on C4 movements (Sandgren 2010 found no increase in Witbs
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storage) (Sandgren et al., 2010). Quantitatiomwécellular calcium levels may be
possible by the use of standard lines derived fommmercially available buffers

with known concentrations of €a(Dustin, 2000).

The temporal correlation between the exhaustiogludose and increasing activity
in the markers suggestive of platelet death evidetitis study led to the suggestion
that ROS generation promoted by the loss of glidagimediated antioxidant
capacity was an initiator of platelet death in atm. Further studies that directly
measure ROS and glutathione levels, preferably d@lation to mitochondrial
function, would be necessary to test this hypothd€lossarizza et al., 2009).
Possible methods include the wuse of fluorescentsdych as 'Z7'-
dichlorodihydrofluoroscein diacetate (DCFH-DA) fdetermining the redox state of
the cell as well as dyes which may localise reactipecies to specific organelles
(Curtin et al., 2002). Various techniques for theasurement of 30, and Q" have
been described, though caution is required in tlagplication to reduce the
influence of confounding factors in the interpritatof results (Degli Esposti, 2002,
Halliwell, 2007).

Measurement of levels of Bcl-2 family members iatelets (Leytin et al., 2006)
stored as concentrates, with emphasis on Bax, Bak Bcl-X_, may serve to
complement published studies on knockout mouse Haopestulating that the
decline of Bcl-X levels is a principal controller of platelet degtason et al.,
2007).

The pivotal role played by cytochrome c in the fation of the apoptosome and the
subsequent activation of caspases during apoptogkes the protein an attractive
target to help determine the role of apoptosis e PSL. Isolation of the
mitochondria from the cytosol and progressive mesasents of cytochrome c in the
two fractions over the course of the storage penidld help to show the time
course of cytochrome c release. Its relation tewoffarameters such as ATP loss
may help determine the nature of the cell deathvpay in platelets during storage.
The rate of caspase 3 activation would be an istieg parallel measure suggestive
of the initiation of caspase-dependent apoptosas{pta et al., 2010, Martinez et
al., 2010).
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Experiments employing inhibitors to initiators @gulators of cell death processes
such as specific caspases or inhibitors of Bcl4ilfa members may provide a
systematic approach to aid in the identificatiorthad cell death pathways involved
in the PSL. Studies into the role of cyclophilin @hich plays a central role in
promoting MPTP opening, have suggested a funct®ra aegulator of necrotic
death with little or no impact on events associatgth apoptosis (Kung et al.,
2011). Addition of the cyclophilin D inhibitor, clasporine A, to PC may provide
further insight into platelet death in storage adlwas the procoagulant activity of
aged platelets (Jobe et al., 2008, Jackson andeSala@lder, 2010). A barrier with
all these investigations in the context of a lavgkime system such as platelet
concentrate storage is the cost. Thus, the devednpof a small-volume model of

PC in storage may be required before they can &atipally considered.

The partial pressure of oxygen in arterial blooages between 10.6 to 13.3 kPa and
is lower still in capillaries (6.0 — 8.0 kPa) (Kumand Clark, 2009, Halliwell and
Gutteridge, 2007). Thus, platelétsvivo are seldom exposed to the levels of oxygen
that were observed in the storage packs even at#éneof the storage period. The
hypothesis that ROS generation by platelets dustmyage is at least partly
causative of the changes comprising the PSL woudgyesst that storage of platelet
concentrates in a limited oxygen environment ing@sneable packs that allow for
the loss of C@ may help to limit some of these changes. A stortgdy using a
paired design would help to answer this question.

It would be interesting to investigate platelet thean storage against methods
developed to measure platelet function. Such methomlld include classical
aggregation studies due to the long history of ighkbld work and continued
relevance in the clinical setting. More recent tetbgies aim to mimic platelet
functionin vivo somewhat more faithfully. Thegclude the measurement of platelet
aggregation under conditions of high shear in respoto agonists (PFA-100
analyer: Dade-Behring, Marburg, Germany) (Tanak®)62, and platelet adhesion
and aggregation to a matrix expressing variousoglig@eins associated with the
platelet surface (Impact R: DiaMed, Switzerland) aftison, 2005). Both
technologies were designed for use with whole blbotican be modified to study
PCs by reconstituting the units with leucodepletdale blood or leucodepleted red

cells plus plasma (Morrison et al., 2007, Cardigal., 2005). A recent study has
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reported that treatment of mice with the BH3-mir&e®BT-737 or ABT-263 led to
the shedding of GPbb VWF receptor and the collagen receptor GPVI, with
defective adhesion to thrombogenic surfaces (Schaelder et al., 2011).
Combining platelet function studies with flow cytetric measurements of platelet
surface glycoproteins as well as measurements 62 Bamily proteins may help to
determine whether Bcl-2 proteins commonly assodiatiéh cell death can also help

regulate the function of stored platelets postdfasion.

Finally, an increasingly detailed understandinghe mechanisms behind the PSL
must be related to the practical clinical settingth in vivo studies to determine
platelet function post-transfusion as well as patraorbidity in addition to the more

traditional measures of platelet survivability.

LIMITATIONS OF THE STUDY

Experience with the methods adopted and developgihé of the study identified
some limitations that, if addressed, could imprtwar robustness and applicability
for the study of the platelet storage lesion. Takatively high levels of surface
CD62P expression in comparison with some of thdiglud literature have already
been discussed in depth. Published results on hatwlrial membrane potential
measured flow cytometrically with cationic dies kuas JC-1 have resulted in
differing interpretations regarding the role of npgas in mitochondrial functional
integrity in the progression of the storage lesibnvould be advantageous to use a
second technique to investigate the rold¥im in platelet death during storage and
confirm the timeframe of mitochondrial changes @hation to the other markers
indicative of platelet death. Additionally, althdugATP levels were measured
against a standard line, a reliable ATP controlld¢mot be sourced in a timely
manner. Such a control would increase confidencanyndirect comparison of the

numerical results with the published literature.

Relatively low levels for the HSR and ESC assaygewevident in all PCs
suspended solely in additive solution when comparnighl levels obtained for PC in

plasma or a standard 70:30 ratio of additive sofutand plasma. The harsher
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processing method used to generate the former caitlsl only account for a small
proportion of this disparity, as units similarly mdactured but re-suspended in
plasma showed a relatively small decrease in HSIR B®C responses. Existing
recommendations based on PC suspended in plasmgassugat HSR values below
60% correspond to platelet recovery levels belowb5tbllowing transfusion
(Diedrich et al., 2008). It would be difficult tgoply such limits to PC in 100%
additive solution if the results from this studyeatonfirmed. It has also been
suggested that platelet recoveries below 50% asergbd when HSR values fall
below 70-75% of levels in fresh platelets (Cardiggtnal., 2005). Such a self-
contained comparison appears more applicable torgbelts from the additive
solution studies. Similarly, using limits based percentage decrease of starting
levels would be more applicable for ESC, with gktterecovery below 50%
corresponding with ESC values below 60% of dayvelke (Holme et al., 1998). An
additional consideration is that the autologousmla used as the sample diluent
was stored at ambient temperature. A comparisorH8R and ESC results
subsequent to the work for this thesis did not iconthat the storage temperature of
the plasma was a significant factor. Buffering bé tplasma was not undertaken

until the day of testing — a further variable thatuld be worth investigating.

Logistical considerations limited the number of liegtes to five for the studies
investigating the role of albumin, glucose and aieetHowever, results from the
preliminary study - which measured the storage adtaristics of platelets stored in
either autologous plasma or a medium of SSRatus plasma over an extended

storage period - provided confidence in the repedullity of the assays adopted.

CONCLUDING REMARKS

The platelet storage lesion is a term used to epesmithe varied changes observed in

platelets stored as concentrates. The study engblayeide range of methodologies to

provide a relatively comprehensive picture of tia¢ure of the PSL in a variety of both

standard and manipulated storage media. The aimtoya®vide a better understanding

of the phenomenon in the context of the hypothisis apoptosis plays a central role in

platelet death in storage.
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Results suggested that in storage media with adegeaergy stores in the form of
glucose, a Bcl-2 protein-mediated mechanism of adedith was viable, though possibly
storage-time dependent and limited by the pre-dexjsievels of anti-apoptotic Bcl-2

proteins in the platelets. Further studies would required to determine if this

mechanism is akin to caspase-dependent apoptasisnedia lacking glucose, a
mechanism more reminiscent of necrosis was obseasstciated with decreased ATP
levels, accelerated mitochondrial dysfunction, ated intracellular free calcium and

culminating in platelet disruption.

The thesis has certainly raised far more questibas it has answered, illustrating the
complexity of the processes involved and the needfmore fundamental approach to
the understanding of platelet senescence, with ultiemate aim of enhancing the

efficacy of platelet transfusions and improvingigat care.
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